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A b s t r a c t .
Hydrogen atoms a t ta c h e d  to  an arom atic  n u c leu s  have 
been found to  be p a r t i c u l a r l y  e f f e c t i v e  in  ca u s in g  hindrance  
to  f r e e  r o t a t i o n  about the in t e r - n u c l e a r  bond o f  c e r t a in  
b i a r y l s .  In  order to  i n v e s t i g a t e  the l i m i t s  o f  t h i s  e f f e c t ,  
some s u b s t i t u t e d  phenyInaphthalenes and d in a p h th y ls  have 
been s y n t h e s i s e d  by means o f  the Ullmann r e a c t io n  and t h e i r  
s te r e o c h e m ic a l  p r o p e r t ie s  i n v e s t i g a t e d .  In  some c a s e s  
th e  compounds have been ob ta in ed  in  o p t i c a l l y  a c t iv e  form s,  
w h ile  o th e r s  were shown to  be in ca p a b le  o f  o p t i c a l  a c t i v a t i o n ,  
even  a t  low tem p e ra tu r es .  The o p t i c a l l y  a c t i v e  compounds 
have been racem ised  under c o n t r o l l e d  c o n d it io n s  and 
a c c u r a te  v a lu e s  fo r  t h e i r  o p t i c a l  h a l f - l i v e s  have thus  
been  o b ta in ed .
During the cou rse  o f  the work, i t  was observed th a t  
o p t i c a l l y  a c t iv e  b ia r y l s  i n  w hich th ere  are two ad ja cen t  
c a r b o x y l groups ( e . g .  1 -p h en yIn aph th a len e- 2 : :8 -d ic a r b o x y l ic  
a c id  ; 1 :1 ’ -d in a p h th y 1- 8 :8 ^-d ic a r b o x y l ic  a c i d ) ,  racem ise  
more q u ic k ly  in  sodium hydroxide s o l u t i o n  than  in  a 
n o n -p o la r  s o l v e n t .  I t  has f u r t h e r  been shown th a t  the  
r a t e  o f  r a c é m is a t io n  o f  such compounds i n  ch loroform  i s
s e n s i t i v e  to  the p ercen ta g e  o f  e t h y l  a lc o h o l  p r e s e n t .
Thus i t  appears t h a t  the p resen ce  o f  two a d ja c e n t  ca rb o x y la te  
i o n s  i n  a compound d e c r e a se s  the  o p t i c a l  h a l f - l i f e .  
E xp er im en ta l d a ta  ob ta in ed  from the  l i t e r a t u r e  su pp orts
t h i s  c o n c lu s io n .
The u l t r a - v i o l e t  a b so r p t io n  s p e c tr a  o f  the compounds 
under i n v e s t i g a t i o n  have been measured and an attem pt has 
been made to  c o r r e la t e  the d egree  o f  c o n ju g a t io n  between  
the two r i n g s ,  as in fe r r e d  from the  s p e c tr a ,  w ith  the o p t i c a l  
h a l f - l i v e s  o f  the compounds con cern ed .
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E x p e r i m e n t a l .
S y n t h e t i c  *v/ork a n d  S t e r e o c h e m i c a l  E x a m i n a t i o n s  -
1PART I .
INVESTIGATION OF THE OPTICAL STABILITIES OF SOME BIARYLS.
S e c t i o n  1 .  I n t r o d u c t i o n  t o  t h e  S t e r e o c h e m i s t r y  o f  B i a r y l s .
A f t e r  t h e  c o l l a p s e  o f  t h e  e v i d e n c e  f o r  t h e  K a u f l e r  
f o r m u l a  o f  d i p h e n y l  w h i c h  r e q u i r e d  a  n o n - c o a x i a l  a r r a n g e m e n t  
o f  t h e  tw o  r i n g s ,  i t  was n e c e s s a r y  t o  p o s t u l a t e  some r e a s o n  
f o r  t h e  o b s e r v e d  o p t i c a l  a c t i v i t y  o f  6 : 6 ’ - d i n i t r o d i p h e n i c  
a c i d ,  w h i c h  C h r i s t i e  a n d  K e n n e r  ( J . ,  1 9 2 2 ,  1 2 1 , 614)  h a d  
d e s c r i b e d  a s  e x i s t i n g  i n  a n  o p t i c a l l y  l a b i l e  f o r m .  ( I t  
was l a t e r  shown t o  b e  r e l a t i v e l y  o p t i c a l l y  s t a b l e . )
T he  n e e d  f o r  a  t h e o r y  e x p l a i n i n g  t h e  o p t i c a l  i s o m e r i s m  
i n  t h i s  s e r i e s  b e cam e  e v e n  more  u r g e n t  when s e v e r a l  o t h e r  
s u b s t i t u t e d  d i p h e n i c  a c i d s  w e r e  shown t o  be  r e s o l v a b l e  
( e . g .  6 - n i t r o d i p h e n i c  a c i d ;  4 : 6 - d i n i t r o d i p h e n i c  a c i d  a n d  
4 : 4 ’ : 6 : 6 ’ - t e t r a n i t r o d i p h e n i c  a c i d ) ,  w h i l e  compounds e x h i b i t i n g  
s t r u c t u r a l  s i m i l a r i t y  ( e . g .  d i p h e n i c  a c i d ;  4 - n i t r o d i p h e n i c  
a c i d  a n d  4 : 4 ’ - d i n i t r o d i p h e n i c  a c i d )  c o u l d  n o t  b e  o b t a i n e d  
i n  a n  o p t i c a l l y  a c t i v e  f o r m .
The  f o u n d a t i o n s  o f  t h e  m o d e rn  v i e w ,  w h i c h  r e q u i r e s  
a  c o - a x i a l  b u t  n o n - c o p l a n a r  m o l e c u l e ,  w e r e  e m b o d ie d  i n  
t h r e e  e x p l a n a t i o n s  w h i c h  w e re  a l m o s t  s i m u l t a n e o u s l y  p r e s e n t e d .
T u r n e r  a n d  Le p è v r e  ( Chem. a n d  I n d . ,  1 9 2 6 ,  831  a n d  833)
e x p l a i n e d  t h e  e x p e r i m e n t a l  r e s u l t s ,  i n c l u d i n g  t h e  r e p o r t e d  
o p t i c a l  i n s t a b i l i t y  o f  t h e  K e n n e r  A c i d ,  b y  p r o p o s i n g  a  
d i p h e n y l  m o l e c u l e  i n  w h i c h  t h e  tw o  a r y l  n u c l e i  v/ere  c o - a x i a l  
a n d  i n  w h i c h  a n  a t t r a c t i o n  e x i s t e d  b e tv / e e n  t h e  2 : 2 ’ -  c a r b o n  
a to m s  b e c a u s e  o f  a  T h i e l e  r e s i d u a l  a f f i n i t y  e f f e c t .
S u c h  a n  a t t r a c t i o n  w o u ld  t e n d  t o  s t a b i l i s e  a  c o p l a n a r  f o r m .
I t  was c o n s i d e r e d  t h a t  g r o u p s  i n  t h e  2 :2 *  o r  6 : 6 ’ p o s i t i o n s  
w o u ld  h a v e  a n  o p p o s i t e  e f f e c t ,  e i t h e r  o w in g  t o  t h e i r  b u l k ,  
o r  t o  t h e i r  e l e c t r i c a l  p r o p e r t i e s .
B e l l  a n d  Kenyon ( Chem. a n d  I n d . , 1 9 2 6 ,  864)  c o n s ­
i d e r e d  t h a t  g r o u p s  i n  a  2 : 6 -  p o s i t i o n  o w in g  t o  t h e i r  s i z e  o r  
e l e c t r i c a l  p r o p e r t i e s  w o u l d  a c t  a s  a n  o b s t a c l e  t o  a n y  o t h e r  
s u b s t i t u e n t  i n  t h e  2 ’ -  p o s i t i o n .
M i l l s  ( Chem. a n d  I n d . , 1 9 2 6 ,  4B ,  884 a n d  905)  i g n o r e d  
t h e  p o s s i b i l i t y  o f  e l e c t r i c a l  e f f e c t s  a n d  c o n s i d e r e d  o n l y  
t h e  b u l k  o f  g r o u p s  i n  t h e  o r t h o  p o s i t i o n s .
The f u n d a m e n t a l  i d e a  o f  t h e s e  t h e o r i e s  was s u p p o r t e d  b y  
t h e  f a c t  t h a t  a l l  t h e  compounds so  f a r  r e s o l v e d  h a d  a t  l e a s t  
t h r e e  g r o u p s  s u b s t i t u t e d  i n  t h e  o r t h o  p o s i t i o n s ,  w h i l e  t h o s e *  
w h i c h  c o u l d  n o t  b e  o b t a i n e d  i n  a n  o p t i c a l l y  a c t i v e  f o r m  
c o n t a i n e d  n o t  more t h a n  two g r o u p s  i n  t h e  c o l l i s i o n  p o s i t i o n .
A c o n s i d e r a b l e  am ount  o f  e x p e r i m e n t a l  s u p p o r t  f o r  t h e  
o b s t a c l e  t h e o r y  was f o r t h c o m i n g  a n d  i t  s o o n  becam e  t h e  
g e n e r a l l y  a c c e p t e d  e x p l a n a t i o n  o f  t h i s  new s t e r e o c h e m i c a l
p h e n o m e n o n .  I t  was o b v i o u s  t h a t  i n  a d d i t i o n  t o  t h e  n o n ­
c o p l a n a r i t y  o f  t h e  m o l e c u l e  i t  was n e c e s s a r y  t h a t  b o t h  r i n g s  
s h o u l d  b e  u n s y m m e t r i c a l l y  s u b s t i t u t e d  i f  t h e  m i r r o r  im a g e s  
w e r e  t o  b e  n o n - s u p e r i m p o s a b l e .
Once t h e  i d e a  o f  h i n d r a n c e  t o  f r e e  r o t a t i o n  was e s t a b ­
l i s h e d ,  i t  b ecam e  e v i d e n t  t h a t  a  w e l l  d e f i n e d  d i v i s i o n  o f  
d i p h e n y l  compounds i n t o  o p t i c a l l y  s t a b l e  a n d  o p t i c a l l y  i n ­
a c t i v e  c l a s s e s  was n o t  p o s s i b l e .  B e tw e e n  t h e  tv^o e x t r e m e s  o f  
t h e  n o n - r a c e m i s a b l e  a n d  t h e  n o n - r e s o l v a b l e  was d i s c o v e r e d  a  
m u l t i t u d e  o f  compounds v a r y i n g  w i d e l y  i n  o p t i c a l  s t a b i l i t y .  
The minimum am oun t  o f  s u b s t i t u t i o n  i n  t h e  2 :2 *  a n d  6 : 6 ’ -  
p o s i t i o n s  n e c e s s a r y  t o  p r o d u c e  o p t i c a l l y  a c t i v e  s u b s t a n c e s ,  
was i n v e s t i g a t e d  b y  L e s s l i e ,  Shaw a n d  T u r n e r ,  who o b t a i n e d  
t h e  f o l l o w i n g  com pounds  i n  a n  a c t i v e  f o r m : -
SOjH
L e s s l i e  a n d  T u r n e r  i d e m ,  i b i d . ,  p . 2 0 2 1
J . ,  1 9 3 2 ,  2 394
Shaw a n d  T u r n e r ,  i b i d . , 1 9 3 3 ,  135
The o n l y  knovm c a s e  o f  o p t i c a l  a c t i v i t y  i n  a  m o n o s u b s t i t u t e d  
d i p h e n y l  was r e p o r t e d  when L e s s l i e  a n d  T u r n e r ,  ( J . , 1 9 3 3 ,  1588 )
S r 4-
As j  X
o b t a i n e d  a  m u t a r o t a t i o n  w i t h  3 * - b r o m o d i p h e n y l - S - t r i r a a t h y l  
a r s o n i u m  i o d i d e  a n d  ( + ) - c a m p h o r s u l p h o n i c  a c i d .
O t h e r  c a s e s  o f  o p t i c a l l y  a c t i v e  d i - s u b s t i t u t e d  d i p h e n y l s  v/ere  
r e p o r t e d .
1 : 1 * - D i n a p h t h y l - 8 : 8 »- d i c a r b o x y l i c  a c i d
o o M
o o H
was r e s o l v e d  b y  S t a n l e y  ( J . A m e r .  Chem. S o c . , 1 9 3 1 ,  3104)
a n d  a l s o  b y  C o r b e l l i n g  ( A t t i  a c c a d .  L l n c e i , 1 9 3 1 ,  1 ^ ,  702)  
a n d  M e i s e n h e i m e r  a n d  B e i s s v m n g e r  ( B e r . , 1 9 3 2 ,  32)^who^
a l s o  r e s o l v e d  1 : 1 * - d i n a p h t h y l - 8 - c a r b o x y l i c  a c i d .
More r e c e n t l y ,  4 : 4 » -  a n d  5 : 5 »- d i q u i n o l y l  h a v e  b e e n  
o b t a i n e d  i n  o p t i c a l l y  a c t i v e  f o r m s  ( C r a w f o r d  a n d  S m y th ,  J . ,  
1 9 5 2 ,  4 1 3 3 ) .
Adams a n d  h i s  c o - w o r k e r s  coirmienced a  l o n g  t e r m  i n v e s t ­
i g a t i o n  i n t o  t h e  v a r i a t i o n  o f  o p t i c a l  a c t i v i t y  w i t h  t h e  s i z e  
o f  t h e  s u b s t i t u e n t s  i n  t h e  2 :2 »  a n d  6 : 6 »-  p o s i t i o n s .  An 
a p p l i c a t i o n  o f  t h e  r e s u l t s  v/as made t o  p r e d i c t i o n s  o f  r e s o l v ­
a b i l i t y  a n d  e v e n  i n  c e r t a i n  c a s e s  t o  t h e  d e g r e e  o f  o p t i c a l  
s t a b i l i t y  t o  b e  e x p e c t e d .
On t h e  b a s i s  o f  t h e  o b s t a c l e  t h e o r y  i t  was a p p a r e n t  t h a t  
t h e  am o u n t  o f  i n t e r f e r e n c e  w o u ld  b e  d i r e c t l y  r e l a t e d  t o  t h e
s i z e  o f  t h e  s u b s t i t u e n t  g r o u p .  No d i r e c t  m e a s u r e m e n t  o f  t h e
o v e r l a p  o f  tw o  s u c h  g r o u p s  i s  p o s s i b l e . However  b y  m a k in g  
c e r t a i n  a s s u m p t i o n s ,  a p p r o x i m a t e  r e l a t i v e  v a l u e s  o f  t h e  d e g r e e  
o f  i n t e r f e r e n c e  c a n  b e  d e r i v e d .
An a d j u s t m e n t  o f  t h e  a l i p h a t i c  i n t e r n u c l e a r  c a r b o n  t o
s u b s t i t u e n t  d i s t a n c e  i s  made i n  o r d e r  t o  o b t a i n  a  v a lu e *
a p p l i c a b l e  t o  t h e  a r o m a t i c  s e r i e s .  I n  t h e  c a s e  o f  g r o u p s
s u c h  a s  CH^ a n d  NOg, a n  a d d i t i o n  t o  t h i s  v a l u e  f o r  t h e  c e n t r e
a t o m ,  i n  o r d e r  t o  a c c o u n t  f o r  t h e  a t t a c h e d  a t o m s ,  p r o d u c e s  an
a c c e p t a b l e  f i g u r e  f o r  t h e  g r o u p  a s  a  w h o l e .  The d i s t a n c e
b e t w e e n  t h e  2 -  a n d  2 » -  c a r b o n  a to m s  h a s  b e e n  m e a s u r e d  b y  D h a r
o
( I n d i a n  J .  P h y s i c s , 1 9 5 2 ,  _7, 43)  a n d  shown t o  b e  2 . 9 0  A .  The 
d i f f e r e n c e  b e t w e e n  t h i s  v a l u e  a n d  t h e  sum o f  t h e  i n t e r n u c l e a r  
d i s t a n c e s  b e t w e e n  t h e  2 : 2 *- c a r b o n  a to m s  a n d  t h e i r  s u b s t i t u e n t s  
v/as c a l l e d  t h e  * i n t e r f e r e n c e  v a l u e  * a n d  was t h e  p r e d i c t e d  
r e l a t i v e  d e g r e e  o f  i n t e r f e r e n c e .
Adams a n d  h i s  s c h o o l  c a r r i e d  o u t  e x t e n s i v e  e x p e r i m e n t s  
i n  o r d e r  t o  d e t e r m i n e  t h e  a c c u r a c y  o f  t h e  i n t e r f e r e n c e  v a l u e s  
i n  p r e d i c t i n g  t h e  r e l a t i v e  o p t i c a l  s t a b i l i t y  o f  c e r t a i n  
s u b s t i t u t e d  d i p h e n y l s .
T he  two s e r i e s  o f  compounds
X fiOx X ? OCH3 S t o u g h t o n  a n d  Adams,
J .  A m er .  Chem. S o c . , 1 9 3 2 ,  5 4 , 4 4 2 6 .  
X -  CH3 : GOGH : NOg
Adams a n d  H a l e ,  i b i d . , 1 9 3 9 ,  £ 1 ,  2 8 2 5 .
 ^  H O r
 C Z ^  XS P : C l  : Br
CH^ C o o H  Yuan a n d  Adams,  i b i d . ,  1 9 3 2 ,  M ,  4426
w e r e  p r e p a r e d *  E v i d e n c e  was o b t a i n e d  t h a t  t h e  5 * -  m e t h y l  
g r o u p  i n  t h e  s e c o n d  s e r i e s  h a d  l i t t l e  e f f e c t  on t h e  r a c é ­
m i s a t i o n  r a t e  a n d  h e n c e  m e a s u r e m e n t  o f  o p t i c a l  h a l f - l i v e s  o f  
t h e  com pounds  p r o v i d e d  a d i r e c t  e x p e r i m e n t a l  c o m p a r i s o n  
b e t w e e n  t h e  e f f e c t i v e  i n t e r f e r e n c e  o f  t h e  s u b s t i t u e n t s .
The r e s u l t s  i n d i c a t e d  t h e  o r d e r  o f  r e l a t i v e  i n t e r e f e r -  
e n c e  t o  b e : -
B r  > CH3 > C l  > NOg > COOH > OCE^> P 
Adams ( " O r g a n i c  C h e m i s t r y ” , E d . ,  G i l m a n ,  1 9 4 3 ,  2 n d .  e d n . .  
V o l .  1 ,  3 6 3 ,  New Y o r k ,  W i l e y  a n d  S o n s )  p o i n t e d  o u t  t h a t : -
” -----   t h e  o r d e r  f r o m  f i r s t  t o  l a s t  p a r a l l e l s  t h e  d e c r e a s e
i n  s i z e  o f  t h e  g r o u p s  a s  d e t e r m i n e d  b y  X - r a y  d a t a . ”
Hov/ever a  d i s c r e p a n c y  was n o t e d  (A dam s,  Chem. R e v . , 
1 9 3 3 ,  3 ^ ,  261)  b e t w e e n  t h e  h a l f - l i v e s  a n d  c a l c u l a t e d  i n t e r ­
f e r e n c e  v a l u e s  o f  t h e  n i t r o  a n d  m e t h y l  o r  c h l o r i n e  g r o u p s .  
Adams a t t r i b u t e d  t h i s  e i t h e r  t o  a n  e r r o r  i n  t h e  c a l c u l a t i o n  
o f  t h e  i n t e r f e r e n c e  v a l u e  o f  t h e  m e t h y l  g r o u p ,  o r  t o  an  
e x p e r i m e n t a l  e r r o r  i n  t h e  d e t e r m i n a t i o n  o f  t h e  h a l f - l i f e  
p e r i o d .
I t  was d e m o n s t r a t e d  h o w e v e r ,  t h a t  t h e  p r e d i c t i o n  o f  
r e l a t i v e  o p t i c a l  s t a b i l i t y  b a s e d  on c a l c u l a t e d  i n t e r f e r e n c e  
v a l u e s  was n o t  a l w a y s  rel?-^"^^®* Adams a n d  H a l e  ( l o c . c i t . )
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p r e p a r e d  t h e  t h r e e  a c i d s
CM3 CMNo MO.
COOH C O O H  (jiy C H 3
a n d  d e t e r m i n e d  t h e i r  h a l f - l i f e  p e r i o d s .  I f  i t  i s  a s s u m e d  
( i d e m . ,  l o c .  c i t . ) t h a t  t h e  o r d e r  o f  t h e  g r o u p  s i z e  i s  
NOg >  CH|5 >  COOH, t h e  a c i d s  ( i i )  a n d  ( i l l )  s h o u l d  b e  more 
e a s i l y  r a c e m i s a b l e  t h a n  ( i ) ,  a s  i n  t h e  l a t t e r  c a s e  t h e  l a r g e r  
NOg g r o u p  c o l l i d e s  w i t h  b o t h  CH^ a n d  COOH, w h e r e a s  w i t h  ( i i )  
a n d  ( i i i )  o n l y  o n e  c o l l i s i o n  b e t w e e n  NOg a n d  a n o t h e r  s u b ­
s t i t u e n t  ( CHg o r  COOH) i s  p o s s i b l e .  The  e x p e r i m e n t a l  r e s u l t s  
p l a c e d  t h e  o p t i c a l  s t a b i l i t i e s  i n  t h e  o r d e r
( i l i ) >  ( i )  >  ( i i )
The a c t u a l  r a c é m i s a t i o n  r a t e s  d e p e n d e d  on  t h e  s o l v e n t  u s e d  
a n d  i n  v i e w  o f  t h i s  f a c t  i t  was s u g g e s t e d  t h a t  t h e  b l o c k i n g  
p o w e r  o f  t h e  g r o u p s  d e p e n d e d  on t h e i r  s o l v a t i o n .
I d e n t i c a l  e x p e r i m e n t s  w e re  c a r r i e d  o u t  b y  Adams a n d  F i n g e r ,  
( i b i d . , p . 2 8 2 8 )  v / i t h  t h r e e  a c i d s  i n  v /h ic h  t h e  m e t h y l  g r o u p  
i n  t h e  p r e v i o u s  s e r i e s  was r e p l a c e d  b y  a  m e t h o x y l  g r o u p .
S i m i l a r  a n o m a lo u s  r e s u l t s  w e r e  o b t a i n e d .
A f u r t h e r  p henom enon  f o r  w h i c h  t h e r e  i s  y e t  no a c c e p t e d  
e x p l a n a t i o n  i s  t h e  e f f e c t  on  t h e  h a l f - l i f e  p e r i o d  o f  g r o u p s  
s u b s t i t u t e d  i n  p o s i t i o n s  o t h e r  t h a n  t h e  2 ; 2 * ; 6 ; G * .
Kuhn a n d  A l b r e c h t  s y n t h e s i s e d : -
C o .  C O O H
.KOS  ^  >^No
( a )  ^  ( b )  ^  wo
A n n a l e n . 1 9 2 7 ,  4 5 5 ,  272  I b i d . , 1 9 2 7 ,  4 5 8 ,  2 2 1
?
and shovied the  h a l f - l i f e  p e r io d s  i n  2N sodium hydroxide a t  
98® to  be ( a )  18 m ins. (b )  50 m ins.
Adams and Hale ( loo# o i t . ) g iv e  the h a l f  l i f e  o f
Coort C . O O H
i n  (presum ably; b o i l in g  sodium hydroxide s o lu t io n  as 4#6 m ins.*  
The r e s u l t s  are in e x p l i c a b le  i f  the bulk  o f  th e  2 , 2 * , 6 , 6 * 
groups i s  the  on ly  f a c t o r  a f f e c t i n g  the s t a b i l i t y  o f  such  a
Ir
m o le c u le .  Adams ( e t  a l i a )  in v e s t ig a t e d  the s e r i e s  o f  a c id s
OCHi
\  ^ OCHg-.CH ;^ C l; Br ; HOg; E 
c o o H
i n  vihich a v a r i e t y  o f  groups vaere s u b s t i t u t e d  in  the 3* , 4* 
and 5* p o s i t i o n s .
The a c t iv e  compounds i n  vuhich the 3 * -  p o s i t i o n  was 
s u b s t i t u t e d  (Chien and Adams, i b i d , 1934, 1787) were
w ith o u t  e x c e p t io n  more s t a b l e  ( o f  the  order o f  20 t im e s )  than  
the a c id s  c o n ta in in g  4 * -  or 5 * -  grou p s. On the w hole , the  
4* -  s u b s t i t u t e d  compounds (Hanford and Adams, ib id ,, 1935,
57 , 1592) are ra th e r  l e s s  r e s i s t a n t  to  r a c é m is a t io n  than -fâie 
5 * -  compounds (Yuan and Adams, i b i d . , 1932, _54, 4 4 3 4 ) .  In  
a d d it io n  i t  was found t h a t ,  w ith in  each s e r i e s  o f  a c id s ,  the  
e f f e c t s  o f  the s u b s t i t u e n t s  on the  r e l a t i v e  o p t i c a l  s t a b i l i t i e s  
f e l l  in  the same ord er .
H <  OCH3 <  CHg <  Cl <. Br <  HOg 
A v a r i e t y  o f  a ttem p ts  have been made to  e x p la in  th e se  phenomem . 
In  the case  o f  the  3 * -  s u b s t i t u e n t s  i t  seems probable th a t  
th e  group i n  the  2 *- p o s i t i o n  i s  crowded e i t h e r  by the bulk
o r  t h e  e l e c t r i c a l  e f f e c t s  o f  t h e  5 » -  s u b s t i t u e n t ,  w i t h  t h e  
r e s u l t  t h a t  a  d i s p l a c e m e n t  o f  t h e  2 ’ -  c a r b o n  t o  s u b s t i t u e n t  
b o n d  o c c u r s ,  b r i n g i n g  t h e  2 *- g r o u p  n e a r e r  t o  t h a t  s i t u a t e d  
on  t h e  2 -  o r  6 -  c a r b o n  a t o m .  Thus  t h e  b l o c k i n g  p o w e r  o f  t h e  
2 * -  s u b s t i t u e n t  i s  i n c r e a s e d  a n d  t h e  so  c a l l e d  ’b u t t r e s s i n g  
e f f e c t ’ r e s u l t s .
Among t h e  o t h e r  m e c h a n i s m s  p o s t u l a t e d  (Yuan  a n d  -^dams, 
l o c *  c i t . )  t o  e x p l a i n  t h e  e f f e c t s  o f  g r o u p s  i n  t h e  3 ’ , 4 ’ 
a n d  5 ’ -  p o s i t i o n s  w e r e : -
( i )  A c h a n g e  i n  b o n d  l e n g t h  o f  t h e  2 ’ -  c a r b o n  t o  s u b s t i t u e n t
l i n k .
( i i )  A s l o w i n g  dovjn o f  t h e  s i m i - c i r c u l a r  o s c i l l a t i o n s  o f  t h e  
b e n z e n e  r i n g s  b y  t h e  s u b s t i t u e n t  g r o u p s ,  w i t h  a  r e s u l t i n g  
d e c r e a s e  i n  t h e  c h a n c e  o f  c o m p l e t e  r o t a t i o n *
( i i i )  A c h a n g e  i n  l e n g t h  o f  t h e  i n t e r n u c l e a r  b o n d .
( i v )  The b e n d i n g  o f  t h e  p i v o t  b o n d  i n  s u c h  a  way t h a t  t h e  
r i n g s  a r e  no  l o n g e r  c o - a x i a l .
Adams c o n d u c t e c ^ x p e r i m e n t s  i n  v /h ic h  a n  a to m  i n  one  r i n g  
was r e p l a c e d  b y  a n o t h e r  o f  s i m i l a r  p o l a r i t y  b u t  o f  d i f f e r e n t  
w e i g h t .  I n  b o t h  c a s e s  an  i d e n t i c a l  e f f e c t  on t h e  r a t e  o f  
r a c é m i s a t i o n  was o b s e r v e d  a n d  f r o m  t h i s  r e s u l t  i t  was 
c o n c l u d e d  t h a t  f a c t o r  ( i i )  c o u l d  b e  d i s c o u n t e d .
W i t h  r e g a r d  t o  f a c t o r  ( i i i ) ,  C a l v i n  ( J  * O r g .  C h e m . ,
1 9 3 9 ,  4 , 2 5 6 )  p o i n t e d  o u t  t h a t  a s  t h e  r e p u l s i v e  f o r c e s  b e t w e e n  
t h e  s u b s t i t u e n t s  i n c r e a s e s  v e r y  r a p i d l y  a s  t h e  i n t e r - a t o m i c  
d i s t a n c e  d e c r e a s e s ,  a n y  c o n t r i b u t i o n  o f  a  s t a t e
l o
t o  t h e  g r o u n d  s t a t e  o f  d i p h e n y l ,  w o u ld  r e s u l t  i n  a  s h o r t e n i n g  
o f  t h e  1 : 1 *- b o n d  w i t h  a  c o n s e q u e n t  i n c r e a s e s  i n  t h e  r e p u l s i v e  
f o r c e s  b e t w e e n  g r o u p s  i n  t h e  c o l l i s i o n  p o s i t i o n s .
T h i s  a r g u m e n t  h a s  b e e n  e m p lo y e d  t o  e x p l a i n  t h e  f a c t  
t h a t  4 : 4 * - d i a m i n o - 2 : 2 *“ d i b r o m - o d i p h e n y l  i s  n o n - r e s o l v a b l e , 
w h i l e  2 : 2 * - d i b r o m o d i p h e n y l - 4 : 4 * - d i c a r b o x y l i c  a c i d  c a n  b e  
o b t a i n e d  i n  a n  a c t i v e  f o r m  o f  h a l f - l i f e  5 - 1 0  m i n s .  a t  0 ^ .  I t  
was s u g g e s t e d  t h a t  t h e  two a m in o  g r o u p s  a r e  i n c a p a b l e  o f  
a c c e p t i n g  e l e c t r o n s ,  w h i l e  a l t h o u g h  t h e  c a r b o x y l  g r o u p  i s  
g e n e r a l l y  a n  e l e c t r o n  a c c e p t i n g  g r o u p ,  i t  i s  n o t  i m p o s s i b l e  
t h a t  i t  s h o u l d  f u n c t i o n  a s  a  s o u r c e  o f  e l e c t r o n s  a s  w e l l ,  when 
t h e  c o n t r i b u t i o n  o f  t h e  s t a t e
+  o '  N = /  o
t o  t h e  g r o u n d  s t a t e  o f  t h e  m o l e c u l e  w i l l  b e  p r o m o t e d .
B a d d e l e y  ( N a t u r e , 1 9 4 6 ,  6 9 4 )  d i s c u s s e d  t h e  p o s s i b i l i t y
o f  t h e  d e f o r m a t i o n  o f  t h e  p i v o t  b o n d  ( f a c t o r  i v )  i n v o l v i n g  a  
n o n - c o a x i a l  s t r u c t u r e .  M o de ls  show ed  t h a t  r e s t r i c t i o n  t o  
r o t a t i o n  b e c o m e s  s i g n i f i c a n t l y  l e s s  when t h e  b o n d  j o i n i n g  t h e  
tvm r i n g s  i s  d i s p l a c e d  f r o m  t h e p l a n e  o f  o n e  o f  t h e m  b y  
i n t r o d u c t i o n  o f  a  t e t r a h e d r a l  c a r b o n  a t  p o s i t i o n  1 .  The 
f o r m a t i o n  o f  t h i s  t e t r a h e d r a l  s t r u c t u r e  d e p e n d s  on t h e  a b i l i t y  
o f  t h e  c a r b o n  a to m  a t  w h i c h  i t  o c c u r s  t o  a c q u i r e  a  n e g a t i v e  
c h a r g e  ( B a d d e l e y ,  l o c .  c i t . ) , t h u s  t h e  d i s p l a c e m e n t  s h o u l d  
o c c u r  i n  t h e  r i n g  o f  g r e a t e r  e l e c t r o n  d e n s i t y .  I f  i t  i s
/ /
a s s u m e d  t h a t  t h e  e f f e c t  o f  t h e  c a r b o x y l  g r o u p  i s  t o  l o w e r  
t h e  e l e c t r o n  d e n s i t y  more  t h a n  t h e  c o m b in e d  e f f e c t s  o f  
n i t r o -  a n d  m e t h y l ,  o r  n i t r o -  a n d  m e t h o x y l ,  i n  t h o s e  compounds 
i n v e s t i g a t e d  b y  Adams a n d  H a l e  ( l o c .  c i t . ) a n d  Adams a n d  
F i n g e r  ( l o c .  c i t . ) , t h e  e l e c t r o n  d e n s i t i e s  i n  one  r i n g  a r e  
i n  t h e  same o r d e r  a s  t h e  r a t e s  o f  r a c é m i s a t i o n .
More r e c e n t l y  ( C r a w f o r d  a n d  S m y th ,  Chem. a n d  I n d . ,
1 9 5 4 ,  3 4 6 ) ,  B a d d e l e y * s  i d e a  h a s  b e e n  e x t e n d e d  b y  t h e  
s u g g e s t i o n  t h a t  t h e  v a r y i n g  o p t i c a l  s t a b i l i t i e s  o f  Adams 
compounds  a n d  o t h e r  s t e r i c a l l y  h i n d e r e d  b i a r y l s  c a n  b e  
a c c o u n t e d  f o r  i n  t e r m s  o f  e l e c t r o p h i l i c  a t t a c k  b y  h y d r o g e n .
I t  i s  s u g g e s t e d  t h a t  h y d r o g e n  e x c h a n g e  w i l l  t a k e  p l a c e  t h r o u g h  
a  t r a n s i t i o n  s t a t e ,  i n  w h i c h  t h e  c a r b o n  a to m  b e i n g  a t t a c k e d  
b ecom es  t e t r a h e d r a l .  T hus  s u b s t i t u e n t s  v /h ic h  a r e  a c t i v a t i n g  
t o  e l e c t r o p h i l i c  a t t a c k  a r e  s a i d  t o  s t a b i l i s e  t h e  t r a n s i t i o n  
s t a t e  a s  i n  t h e  c a s e  o f : -
On t h e  o t h e r  h a n d  t h e  d e a c t i v a t i n g  i n f l u e n c e  o f  g r o u p s  s u c h  
a s  NOg a n d  COOH w i l l  m i n i m i s e  e l e c t r o p h i l i c  a t t a c k .  Thus  
i n  t h e  c a s e  o f  o p t i c a l l y  a c t i v e  d i p h e n y l s ,  t h e  t e t r a h e d r a l  
t r a n s i t i o n  s t a t e  a c h i e v e d  d u r i n g  h y d r o g e n  e x c h a n g e  w o u ld  
f a c i l i t a t e  r a c é m i s a t i o n .  F o l l o v / i n g  t h i s  a r g u m e n t , t h e  r a t e  
o f  r a c é m i s a t i o n  w o u ld  be  i n c r e a s e d  b y  s u b s t i t u t i o n  i n  t h e
r i n g  o f  g r o u p s  w h i c h  a i d  e l e c t r o p h i l i c  a t t a c k ,  a n d  d e c r e a s e d
!Z
b y  t h e  p r e s e n c e  o f  d e a c t i v a t i n g  g r o u p s . I t  i s  p o i n t e d  o u t  
t h a t  s u c h  a  r e a c t i o n  s h o u l d  b e  o f  t h e  s e c o n d  o r d e r ,  b u t  i n  
v i e w  o f  t h e  s o l v e n t  p a r t i c i p a t i o n  i t  v /ou ld  c o n s t i t u t e  a 
p s e u d o  f i r s t  o r d e r  r e a c t i o n .
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S e c t i o n  2 .  I n t r o d u c t i o n  t o  iVs^/mmetric T r a n s f o r m a t i o n s .
The f i r s t  r e c o r d e d  u s e  o f  t h e  t e r m  a s y m m e t r i c  t r a n s ­
f o r m a t i o n  was h y  L e u c h s  a n d  W utke ( B e r . ,  1 9 1 3 ,  2 4 2 0 ) ,
who f o u n d  t h a t  a  s o l u t i o n  o f  b r u c i n e  a n d  f j - ) - 2 - 2 - c a r b o x y -  
b e n z y l - o C - b y d r i n d o n e  i n  a c e t o n e  d e p o s i t e d  t h e  s o l i d  b r u c i n e  
( + ) - a c i d  s a l t  i n  a  y i e l d  w h i c h  r e p r e s e n t e d  n e a r l y  100 ^  o f  
t h e  s o l i d  i n  s o l u t i o n .  On r e m o v a l  o f  t h e  a l k a l o i d ,  a n  
o p t i c a l l y  u n s t a b l e  a c i d  v/as p r o d u c e d .
A d i f f e r e n t  pheno m en o n  was r e c o r d e d  when s e v e r a l  
w o r k e r s  ( R e a d  a n d  McMath, J . ,  1 9 2 5 ,  1 2 7 , 1 5 7 2 ,  M i l l s  a n d  
E l l i o t ,  i b i d . , 1 9 2 8 ,  1291  a n d  K uhn ,  B e r . ,  1 9 3 2 ,  49)
o b s e r v e d  m u t a r o t a t i o n s  on f o r m a t i o n  o f  s a l t s  i n  s o l u t i o n  
b e t w e e n  a l k a l o i d s  a n d  r a c e m i c  a c i d s •
T h i s  phenom enon  was e x p l a i n e d  a s  t h e  s e t t i n g  u p  o f  
an  e q u i l i b r i u m
( —) —B a s e —( —) —A c i d  ( —) —B a s e —(*^)—A c i d
i n  w h i c h  on e  f o r m  o f  t h e  s a l t  p r e d o m i n a t e s .
Kuhn ( l o c .  c i t . )  d e s c r i b e d  t h i s  b e h a v i o u r  a s  " a s y m -  
m e t r i s c h e  U m l a g e r u n g  e r s t e r  A r t ” , r e f e r r i n g  t o  a n  o p t i c a l  
a c t i v a t i o n  w h i c h  c e a s e d  when t h e  a c t i v a t i n g  a g e n t  v/as 
r e m o v e d .  The  e x p r e s s i o n  was t r a n s l a t e d  a s  " a s y m m e t r i c  
t r a n s f o r m a t i o n  o f  t h ^ i r s t  o r d e r ” .
He f u r t h e r  p r o p o s e d  t h a t  t h e  ph en o m en o n  i n  w h i c h  an  
a l k a l o i d a l  s a l t  o f  t h e  a c t i v e  a c i d  i s  i s o l a t e d  a s  a  s o l i d  
p h a s e  r e p r e s e n t i n g  more  t h a n  5 0 ^  o f  t h e  s o l i d  i n  s o l u t i o n  
b e  known a s  " a s y m m e t r i c  t r a n s f o r m a t i o n  o f  t h e  s e c o n d  o r d e r ” . 
Kuhn * 8 d e f i n i t i o n  o f  f i r s t  o r d e r  a s y m m e t r i c  t r a n s f o r m a t i o n  
r e s t s  on  t h e  c r i t e r i o n  t h a t  t h e  o p t i c a l  a c t i v a t i o n  c e a s e s  when 
t h e  a c t i v a t i n g  a g e n t  ( i . e .  t h e  a l k a l o i d )  i s  r e m o v e d .  T h i s  
d e f i n i t i o n  may u n d e r  c e r t a i n  c o n d i t i o n s  be  i n v a l i d a t e d ,  a s  
w i t h  compounds o f  i n t e r m e d i a t e  o p t i c a l  s t a b i l i t y ,  t h e  k i n e t i c s  
o f  t h e  r a c é m i s a t i o n  o f  t h e  a c t i v e  a c i d  may b e  f o l l o w e d  when 
t h e  a l k a l o i d  i s  r e m o v e d .
Thus t h e  u s e  o f  a  r e v i s e d  d e f i n i t i o n  was s u g g e s t e d  b y  
J a m i s o n  a n d  T u r n e r ; -  ( J . ,  1 9 4 2 ,  437)
”A c o n f i g u r a t i v e l y  u n s t a b l e  s u b s t a n c e  i n  s o l u t i o n  ( o r  
l i q u i d  s t a t e )  c o n s i s t s  o f  e q u a l  q u a n t i t i e s  o f  d  a n d  1 f o r m s .
On a d d i t i o n  o f  a  s e c o n d  ( b u t  o p t i c a l l y  s t a b l e )  d  ( o r  1) 
compound w h i c h  c o m b in e s  w i t h  t h e | f i r s t  s u b s t a n c e  t o  f o r m  a  
p a i r  o f  d i a s t e r e o i s o m e r i d e s , a n  e q u i l i b r i u m  i s  s e t  u p  i n  
w h i c h  o n e  d i a s t e r e o i s o m e r i d e  p r e d o m i n a t e s  t o  a  g r e a t e r  o r  
l e s s e r  e x t e n t .  The s e t t i n g  up  o f  t h i s  e q u i l i b r i u m  we h a v e
c a l l e d  a  f i r s t  o r d e r  t r a n s f o r m a t i o n ................ ”
The p o s i t i o n  w i t h  r e g a r d  t o  s e c o n d  o r d e r  a s y m m e t r i c  
t r a n s f o r m a t i o n s  was made c l e a r  i n  t h e  same p a p e r ; -
” . . . .  S e c o n d  o r d e r  t r a n s f o r m a t i o n  i n  a n y  c a s e  i n  w h i c h  
i n t e r - c o n v e r s i o n  o f  d i a s t e r e o i s o m e r i d e s  i s  p o s s i b l e  ( f i r s t
o r d e r  t r a n s f o r m a t i o n )  a n d  c r y s t a l l i s a t i o n  c a n  b e  i n d u c e d .
/ r
may b e  e x p e c t e d  t o  b e  a l m o s t  q u a n t i t a t i v e l y  r e a l i s a b l e  a n d  
t o  g i v e  o ne  d i a s t e r e o i s o m e r i d e  i n  a n  o p t i c a l l y  p u r e  c o n d i t i o n .  
T h a t  t h e  o p t i c a l  a c t i v i t y  o f  t h e  c o n f i g u r a t i v e l y  u n s t a b l e  
co m p o un d ,  when t h i s  i s  r e m o v e d  f r o m  c o m b i n a t i o n  w i t h  t h e  
o p t i c a l  s t a b l e  s u b s t a n c e ,  s h o u l d  b e  d e t e c t a b l e  b y  a  p h y s i c a l  
m e a s u r e m e n t ,  i s  i m m a t e r i a l  f o r  t h e  p u r p o s e  o f  d e f i n i t i o n  o f  
t e r m s ,  a l t h o u g h  i t  was m a i n l y  on  t h i s  a r b i t r a r y  p o i n t  t h a t  
Kuhn b a s e d  h i s  d i s t i n c t i o n  b e t w e e n  t h e  two t y p e s  o f  i s o m e r i s m . ” 
I t  i s  e v i d e n t  t h a t  t h e  o b s e r v e d  m u t a r o t a t i o n  i s  t h e  
s e t t i n g  u p  o f  an  e q u i l i b r i u m ,  w h e r e  a t  t h e  t i m e  o f  m i x i n g  
we h a v e : -
B a s e  ( - ( - ) -Acid  B a se  ( - ) - A c i d
5 0 ^  5 0 ^
a n d  a t  t h e  t i m e  o f  e q u i l i b r i u m  we h a v e : -
B a s e  ( + ' ) - A c i d  y  B a s e  ( - ) - A c i d
( 1 0 0  -  x)%
T h u s  f o r  a  f i r s t  o r d e r  c h a n g e  t o  o c c u r ,  t h e  r e a l  e x i s t e n c e  o f  
d i a s t e r e o i s o m e r i d e s  i n  s o l u t i o n  i s  e s s e n t i a l  a n d  i t  w o u ld  
n o t  b e  e x p e c t e d  t o  t a k e  p l a c e  i n  i o n i s i n g  s o l v e n t s .  However  
i n  t h e  c a s e  o f  a  s e c o n d  o r d e r  a s y m m e t r i c  t r a n s f o r m a t i o n ,  
t h e  d i a s t e r e o i s o m e r i d e s  m ay,  o r  may n o t  e x i s t  i n  t h e  d i s ­
s o c i a t e d  f o r m ,  p r o v i d e d  t h a t  c r y s t a l l i s a t i o n  o c c u r s .  The 
f i r s t  p o s i t i v e  p r o o f  t h a t  t h e  m u t a r o t a t i o n  o b s e r v e d  i n  a  
f i r s t  o r d e r  c h a n g e  i s  due  t o  f o r m a t i o n  o f  an  e x c e s s  o f  one
/6
d i a s t e r e o i s o m e r i d e ,  was p r o v i d e d  b y  M i l l s  a n d  E l l i o t  ( l o c . c i t ♦) 
A m u t a r o t a t i o n  was o b s e r v e d  on m i x i n g  c h l o r o f o r m  s o l u t i o n s  
o f  N - b e n z e n e s u l p h o n y l - 8 - n i t r o - l - n a p h t h y l g l y c i n e  a n d  b r u c i n e .  
A f t e r  a t t a i n m e n t  o f  e q u i l i b r i u m ,  t h e  b r u c i n e  v/as r e m o v e d  a n d  
t h e  r e s u l t i n g  s o l u t i o n  was f o u n d  t o  h a v e  a  p o s i t i v e  r o t a t i o n  
w h i c h  c h a n g e d  r a p i d l y  t o  z e r o .  T hus  i t  v/as e v i d e n t  t h a t  t h e  
e q u i l i b r i u m  s o l u t i o n  c o n t a i n e d  a n  e x c e s s  o f  one  b r u c i n e  s a l t .
O n l y  compounds  w h i c h  r e a d i l y  u n d e r g o  o p t i c a l  i n v e r s i o n  
w i l l  t a k e  p a r t  i n  t h e s e  a s y m m e t r i c  t r a n s f o r m a t i o n s .  S u c h  
o p t i c a l  i n s t a b i l i t y  c a n  b e  c o n f e r r e d  on a m o l e c u l e  i n  v a r i o u s  
w ays  .
P o p e  a n d  P e a c h e y  ( P r o c .  H o y .  S o c . ,  1 9 0 0 ,  I B ,  42)  
o b t a i n e d  o n l y  o n e  s a l t  on c r y s t a l l i s a t i o n  o f  m e t h y l - e t h y l -  
n - p r o p y l  t i n  H ^ ) - c a m p h o r s u l p h o n a t e
CM -
3
f r o m  w a t e r ,  w h i c h  on t r e a t m e n t  w i t h  p o t a s s i u m  i o d i d e  gave  
( + ) - m e t h y l - e t h y l - n - p r o p y l  t i n  i o d i d e .  I n  t h i s  c a s e  i t  i s  
p r e s u m e d  t h a t  i n v e r s i o n  i n v o l v e s  a  f l a t  t i n  c a t i o n .
E n a n t i o m o r p h i s m  d u e  t o  r e s t r i c t i o n  o f  r o t a t i o n  a b o u t  
a  s i n g l e  b o n d  h a s  p r o v i d e d  a  f i e l d  i n  v /h ic h  many e x a m p le s  
o f  b o t h  t y p e s  o f  i s o m e r i s m  a r e  t o  b e  f o u n d .  I n  t h e s e  c a s e s  
o p t i c a l  i n s t a b i l i t y  o c c u r s  b e c a u s e  o f  o n l y  p a r t i a l  h i n d r a n c e  
t o  r o t a t i o n .
M i l l s  a n d  E l l i o t  ( l o c .  c i t . )  show ed  t h a t  t h e  b r u c i n e
ns a l t  o f  N - b o n z e n e s - u l p h o n y l - S - n i t r o - l - n a p h t h y l g l y c i n e
P k S O ^  C H ^ t o O M
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loiiderwent  v/hat  i s  now c a l l e d  s e c o n d  o r d e r  a s y m m e t r i c  
t r a n s f o r m a t i o n  i n  tvm d i r e c t i o n s ,  d e p e n d i n g  on t h e  s o l v e n t  
u s e d .  B o t h  t h e  ( + ) -  a n d  ( - ) - a c i d s  w e re  o b t a i n e d  f r o m  t h e  
s a l t s  w h i c h  c r y s t a l l i s e d .  T h i s  was t h e  f i r s t  e x a m p le  o f  two 
. a c t i v e  f o r m s  o f  one  compound b e i n g  o b t a i n e d  b y  a s y m m e t r i c  
t r a n s f o r m a t i o n •
O t h e r  c a s e s  o f  t r a n s f o r m a t i o n s  i n  t h e  p e r i - s u b s t i t u t e d  
n a p h t h a l e n e  s e r i e s  a r e  know n .
M i l l s  a n d  B r e c l c e n r i d g e  ( i b i d . , 1 9 3 2 ,  2 2 0 9 ) ,  c r y s t a l l i s e d  
8 - b e n z e n e s u l p h o n e t h y l a m i n o - l - e t h y l  q u i n o l i n i u m  (+)  - o c - b r o m o -  
c a m p h o r - T T - s u l p h o n a t e  a n d  o b t a i n e d  t h e  a c i d  ( + ) - b a s e , w h i c h  
on  d e c o m p a s i t i o n  w i t h  p o t a s s i u m  i o d i d e  g a v e  t h e  (4 4 -  q u i n o l i n i u m  
i o d i d e .
E x t e n s i v e  w o r k  on  t h e  d i p h e n y l  s e r i e s  compounds h a s  
p r o d u c e d  a  v a r i e t y  o f  e x a m p l e s  o f  o p t i c a l l y  l a b i l e  compounds 
a n d  a s  m i g h t  b e  e x p e c t e d  many i n s t a n c e s  o f  f i r s t  a n d  s e c o n d  
o r d e r  as^nmm etr ic  t r a n s f o r m a t i o n s .
2~ -H yd roxy isop rop y l)  d ip h e n y l-2 -o a r b o x y l io  aoid  
was re p o r te d  by C o r b e l l in i  and A n g e le t t i  (A t t i  R. Aooad.Li^r.»i 
■> 1 5 . 96s) to  undergo a seoond ord er asynuuetrio
tr a n s fo r m a t io n  w ith  b ru cin e in  e th y l  a lc o h o l  s o lu t io n .
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COOM '  -  OM
«LH3 CJ»3
On r e -e x a m in a t io n  o f  t h i s  a o id ,  Jam ison and Turner (l o o ,  o i t . ) 
p rov id ed  th e  f i r s t  example o f  one compound undergoing  both  
f i r s t  and seoond ord er  tra n sfo r m a t io n s  w ith  th e  same a lk a lo id  
(b r u c in e )  w ith o u t  a change o f  s o lv e n t  (ch lo ro fo rm ). Thus f o r  
the  f i r s t  tim e the  van^t H off-D im roth r u le  (Dimroth, Annalen. 
1 9 1 0 , Ü L 1 2 7 ; i b i d . . 1 913> 9l )  cou ld  be a p p lie d  to
asymmetric tra n sfo r m a tio n . The r e s u l t s  obta in ed  were found to  
agree  w ith  th e  p r e d ic t io n  th a t  ^the s t a b le  form i s  th e  more 
so lu b le^ »
A s e r i e s  o f  2 - n i t r o - 2 ’-m e th o x y d ip h en y l-6- c a r b o x y l ic  a c id s
OCM*
\  ^  X r  01, Br, N02
examined by Yuan and Adams ( l o o ,  c i t . ) was shown from the  
ex p er im en ta l r e s u l t s  to  tak e  p art  in  what are o b v io u s ly  seoond  
ord er  tr a n s fo r m a t io n s .  However in  t h i s  c a s e  as in  many o th e r  
in s t a n c e s ,  no attem pt was made to  d i s t i n g u i s h  between an 
asymmetric tra n sfo r m a tio n  and a r e s o l u t i o n .
An i n t e r e s t i n g  c a s e  in  which a second  order change was 
c la im ed  to  have occured , was th a t  o f  :4-*- d in i t r o d ip h e n ic  
a c id .
Coot4 cooH
Kuhn and A lb rech t  (Annalen. 1?27, 2 7 2 ) o b ta in ed  two
norops of the qu in ine  s a l t  p o sse ss in g  the  same r o t a t i o n  and 
m#p., which re p re se n te d  80^ of th e  th e o r e t i c a l  y i e ld .  
However on removal of th e  a lka lo id^  an ac id  was o b ta ined  
which showed no o p t i c a l  a c t iv i ty *
Another s e r i e s  of compounds in  which th e  o p t ic a l  
a c t i v i t y  i s  due to  r e s t r i c t i o n  to  r o t a t i o n  w ith in  the 
m olecule ^  the  s u b s t i t u t e d  benzoyl d iphenylam ines. These 
compounds have a f fo rd ed  many examples of asymmetric t r a n s ­
fo rm a tio n s  of both ty p e s .  Jamison and Turner ( J,*, 19^8, 
164-6) subm itted  N-benzoyl-4*:6j4 '^-tribrom odiphenylam ine-2- 
ca rb o x y lio  ac id
6 r  H O O C j i ^  f t r
to  a thorough s te reo ch em ica l in v e s t ig a t io n .  With c inchon- 
id in e  i t  was found to  undergo f i r s t  and second o rd e r  t r a n s ­
fo rm a tio n  and r e s o lu t io n ,  depending on the  c o n d i t io n s  of 
th e  experim ent. On decom position  of the  a c t iv e  c inchon id ine  
s a l t  the  (+ )-a c id  was o b ta in ed . A v a r ie ty  of o th e r  l a b i l e  
a c id s  in  t h i s  s e r i e s  were in v e s t ig a te d  by Jamison and 
Turner ( J . , 194-0, 264-) and shown to  be capab le  of o p t i c a l  
a c t i v a t i o n  by v a r io u s  a lk a lo id s .
These workers observed  ( j . , 193^, 164-6) t h a t  the 
o p t i c a l  r o t a t i o n  a t  eq u il ib r iu m  of a s o lu t io n  c o n ta in in g  
a l a b i l e  ao id  ( l  m ol.) and an a lk a lo id  ( l  m ol.) was 
extrem ely  s e n s i t i v e  to  th e  a d d i t io n  of an excess of the
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racemio acid* A fter  examining a number o f  th e se  compounds 
i t  was found th a t  the  r o t a t io n  at eq u ilib r iu m  underwent a 
change o n ly  in  th e  c a s e  o f th o se  compounds in  which o p t i c a l  
a c t i v i t y  might be ex p ec ted  from s t r u c tu r a l  c o n s id e r a t io n s .  
With m o lec u le s  whose s t r u c tu r e  in d ic a te d  a com plete lack  o f  
h ind ran ce to  r o t a t io n ,  the  eq u ilib r iu m  r o t a t io n  was l a r g e ly  
u n a f fe c t e d  by a d d i t io n  o f  fu r th e r  a c id .  Thus on p l o t t i n g  
e q u iv a le n t s  o f  a c id  a g a in s t  r o t a t io n ,  the  f o l lo w in g  typ es  
o f  ^ a d d it io n  c u r v e s ’ were o b ta in ed .
%
X
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Curves o f  th e  typ e  BD and BE were o b ta in ed  w ith  
m o lec u le s  which were ex p ec ted  to show r e s t r i c t e d  r o t a t io n ,  
w h ile  compounds in  which no r e s t r i c t i o n  was apparent g iv e  
r e s u l t s  s im i la r  to  BO. I t  was su g g es ted  ( i dem .. l o c . c i t ) 
th a t  the phenomenon might be employed to  d e t e c t  p o t e n t ia l  
o p t i c a l  a c t i v i t y  in  c e r t a i n  o a s e s .
;The s e r i e s  o f  a c i d s : -
MO,C
I L
ooulcL not be macCe to  show any the  accepted, s igns  of
o p t i c a l  a c t i v i t y  a t  normal tem pera tu res .  However on
p l o t t i n g  a d d i t io n  cu rves ,  changes in  r o t a t i o n  w i th  excess
a c id  were observed w ith  A,B and 0. With D, the  curve
d e v ia te d  only s l i g h t l y  from the v e r t i c a l  a f t e r  the  one 
e q u iv a le n t  p o in t  had been reached. Work c a r r i e d  out a t  
- 31^ showed th a t  both th e  ac ids  B and C e x h ib i te d  a 
d e f i n i t e  m u ta ro ta t io n  of measurable h a l f - l i f e  w ith  n o r - ( t ) -  
^  - e p h e d r in e .  No such m u ta ro ta t io n  was observed w ith  A in  
which th e r e  i s  c o n s id e ra b ly  l e s s  h indrance  to r o t a t i o n  than 
in  B o r  0; however i t  seemed p o s s ib l e  t h a t  t h a t  a m u ta ro tà t io n  
might occur a t  an even lower tem pera tu re .  The ac id  D in  
which no e f f e c t i v e  h indrance  e x i s t e d  showed no o p t i c a l  
a c t i v a t i o n  under th ese  c o n d i t io n s .  In an e f f o r t  to  sub­
s t a n t i a t e  the  con c lu s io ns  reached, i n v e s t i g a t i o n s  were 
conducted with moderate ly  s ta b le  a c id s  o f ■the s u b s t i t u t e d  
benzoyl d iphenyl amine s e r i e s  ( idem. > J . , 1$W, 264) Here 
both the  i n i t i a l  and f i n a l  r o t a t i o n s  could  be p l o t t e d  and r e s u l t s  
of the  t y p e : -
2Z
were ob ta ined .  With a l l  the  l a b i l e  ao ids  used, not only 
was th e  p o s i t i o n  of eq u i l ib r iu m  changed^ but i n  addit ion^ 
th e  r a t e  of a t ta in m en t  of equ i l ib r ium  was in c reased ,  with  
the  number of e q u iv a le n t s  of ac id  used. Oases of some 
i n t e r e s t  were those  i n  which the  i n i t i a l  and f i n a l  curves 
c ro s s e d  over.
4"
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The mechanism of th i s ^ e x c e s s  acid* e f f e c t  has not 
been e lu c id a te d .  I t  seems t h a t  no formal bond i s  necessary  
between th e  ac id  and o p t i c a l l y  a c t i v e  base in  o rde r  t h a t  
o p t i c a l  a c t i v a t i o n  s h a l l  occur.  This has been demonstrated 
by the  o p t i c a l  a c t i v a t i o n  of a racemic compound by an 
o p t i c a l l y  a c t iv e  so lv e n t .
On d i s s o l v in g  methyl N-benzoyl-2^-chloro-6-m ethyl 
d ip h en y lamine-2-carboxy1a t  e
CH
i n  e th y l  W  t a r t r a t e  and a t  once adding water  to the 
f i l t e r e d  s o lu t io n ,  th e  methyl e s t e r  was o b ta ined  with  a 
n e g a t iv e  r o t a t i o n  which changed to zero with a h a l f  l i f e
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of 9 ming, (G lazer ,  H a r r i s  and Turner,  g . , 1950 , 1753^ 
Buchanan and Graham, , 1950, 500) By t h i s  method, 3- 
n i t ro -N -henzene  su lphony1-H -(2-hydroxyethy l)- l-naph thy lam ine  
was o b ta in ed  in  an o p t i c a l l y  a c t iv e  form f o r  the  f i r s t  time, 
( idem. , l o c .  c i t . )
24 -
S eo t ion  3. Stereooliemioal Study of S u b s t i tu t e d
l - Phenvlnaphthalenes  and 1:% -^D in ap h th v ls .
Diphenio aoid  has  been shown to  undergo r a p id  o p t i c a l  
a c t i v a t i o n  a t  in  chloroform s o l u t io n  in  the presence
of nor-(+ -)*4 '-0phedrine  (L e s s l ie ,  Turner and Winton, J . , 
194-1, 25?)> but the  f r e e  aoid has  never been ob ta ined  i n  
an o p t i c a l l y  a c t iv e  form* B e l l ,  Morgan and Smyth (Ohem, 
and Ind . . 1951> 634-), recorded  the  i s o l a t i o n  of o p t i c a l l y  
a c t i v e  1 :1 ^ -d in ap h th y1 - 5 : 5 *-dicarboxy1io aoid  ( l a  and Ib) 
w i th  M  d '^60°
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in  O.IH sodium hydroxide so lu t io n .  The a c t i v i t y  was l o s t  
when th e  s o lu t io n  was b o i le d  f o r  an hour* Although no 
q u a n t i t a t i v e  va lue  f o r  the  h a l f - l i f e  of ra cém isa t io n  was 
g iven ,  a r e l a t i v e l y  h igh  o p t i c a l  s t a b i l i t y  i s  implied. Such 
a h igh  o p t i c a l  s t a b i l i t y  i s  s u r p r i s in g ,  s ince  al though the  
3 :8 ^ -  carbon atoms c l e a r l y  cannot pass  each o th e r  without 
g r e a t  d i s t o r t i o n  of the main s t r u c t u r e  ( l a ) ,  very l i t t l e  
i n t e r f e r e n c e  would h i t h e r t o  have been expected between the
JLf
hydrogen atoms in  th e  2 and o r  in  the  2* and ê p o s i t io n s
( i h ) .  Bell  and h i s  oo-workers (l o c .  c i t . :  Crawford and
Smyth, tJ., 1952 , 4-133) a lso  o b ta in ed  4-;4-^ -d iq u inoly 1 and 
5 :5 ^ " d iq u in o ly l  in  o p t i c a l l y  a c t iv e ,  but l e s s  o p t i c a l l y  
s t a b l e  forms. They a s s o c ia te d  the  o p t i c a l  a c t i v i t y  observed
t
i n  th e se  th re e  compounds w ith  s t e r i c  h indrance  between the 
van de r  Waals envelopes o f  the  2 and hydrogens. More 
r e c e n t ly  i t  has been proposed by Crawford and Smyth (Chem. 
and Ind . . 1954-, 346) t h a t  th e  ra cém isa t io n  of these  and 
s i m i l a r  compounds may take  p lace  by a mechanism invo lv ing  
e l e o t r o p h i l i o  a t t a c k  by hydrogen. (For a more complete 
d i s c u s s io n  see p. //  )
In o rder  to  o b ta in  a more q u a n t i t a t i v e  assessment 
of the  o p t i c a l  s t a b i l i t y  of 1 :1 ^ -d in a p h th y l -3 :3 ^ ~ d ic a rb -  
oxy l ic  a c i d , ^ r u c i n e  s a l t  was o b ta ined  by c r y s t a l l i s a t i o n  
from 2re thoxye thano l .  On decomposit ion of t h i s  s q l t  w i th  
d i l u t e  hyd ro ch lo r ic  ao id ,  the  (-f^-acid was o b ta ined  and 
racem ised  in  O.IN sodium hydroxide s o lu t io n  a t  60° with 
a h a l f - l i f e  p e r io d  of 33 minutes.
' An aoid in te rm e d ia te  in  s t r u c t u r e  between d iphenic  
a c id  and 1 : 1 ^ -d in ap h th y l-5 î5^“d io a rb o x y l ic  a c id  would be 
expected  to e x h ib i t  o p t i c a l  a c t i v i t y .  Such an ac id ,  
l -p h e n y ln a p h th a le n e -2 ’- c a rb o x y l ic  ao id  ( l l a  and l i b )  haâ
E
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been s y n th e s i s e d  and examined.
In  acetone s o lu t io n ,  second o rde r  asymmetric 
t r a n s fo rm a t io n  was r e a l i s e d  w i th  c inchon id ine  and with brucine* 
The b ruc ine  ao id  s a l t  ob ta ined  had a h a l f - l i f e  p e r io d
of 0*6 minutes i n  chloroform s o l u t io n  a t  20^. From the 
b ruc ine  s a l t ,  (+ ) - l -p h e n y ln a p h th a le n e -^ ^ -c a rb o x y l ic  aoid 
was o b ta in e d  ty c a r e f u l  decomposition w ith  co ld  formic ac id .
The ("H-acid  racemised r a p id ly  i n  chloroform a t  20^, w ith  
a h a l f - l i f e  of 2 m inutes .  O p t ica l  a c t i v a t i o n  of th e  ac id  
was observed w ith  c inch o n id in e ,  q u in idine and bruc ine .  
Q u a n t i t a t i v e  d e te rm in a t io n s  of the  r a t e s  of m u ta ro ta t io n  of 
th e  ac id  w ith  b ruc in e  and c inch on id ine  were at tempted . Owing 
to  the  small and r a p id  change in  the  observed angle ,  the 
r e s u l t s  were of no q u a n t i t a t i v e  v a lue ,  but a log .  p l o t  of 
th e  re ad in g s  o b ta ined  gave a s t r a i g h t  l i n e ,  approximately 
p a r a l l e l  to t h a t  o b ta ined  f o r  th e  m u ta ro ta t io n  of the  
a l k a l o i d  s a l t s  ob ta in ed  by second o rd e r  asymmetric t r a n s ­
fo rm a t io n s .  Attempts to  a c t i v a t e  the  ac id  in  acetone 
s o l u t i o n  were u n su cc es s fu l .
For one p o s i t i o n  of the phenyl nucleus ( l l a ) ,  r o t a t i o n  
about th e  1 :1 * -  bond i s  e f f e c t i v e l y  p reven ted  by in t e r f e r e n c e  
between the carboxyl group and the  8- OH grouping. In the
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o th e r  p o s i t i o n  ( l l b ) ,  however^ h indrance  to  r o t a t i o n  
a r i s e s  from the s l i g h t  over lap  of th e  2 ’ and 8 hydrogen 
atoms. The r e s u l t s  of the  o p t i c a l  i n v e s t i g a t i o n  th e r e f o r e  
support  the  assumption t h a t  hydrogen atoms are  capable  of 
impeding f r e e  r o t a t i o n  when they are  a t ta ch e d  to an aromatic 
nucleus*
In  o rde r  to  i n v e s t i g a t e  some of the  l i m i t s  of t h i s  
e f f e c t ,  l -p h e n y ln a p h th a le n e - )^ -c a rb o x y l ic  ao id  ( i l l )  and 
3 ’-m e th y l - l -p h e n y ln a p h th a le n e -2 -c a rb o x y l ic  a c id  (IV) were 
p repa red  and examined*
m
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With both of th e s e  compounds, the  maximum blocking 
i s  p rov ided  by the  s l i g h t  over lap  of the 2 ’ (o r  6 0  and 8 -  
hydrogen atoms* In n e i t h e r  case  could  evidence of o p t i c a l  
a c t i v i t y  be obtained* Attempted o p t i c a l  a c t i v a t i o n  of both 
ao ids  by brucine a t  5^ was un su ccess fu l  and ”a d d i t io n  
curves" (Jamison and Turner, J*,  193^, 164-6; ib id .  . 194-0, 
264"), c o n s t ru c te d  by p l o t t i n g  the  r o t a t i o n  of s o lu t io n s  
c o n ta in in g  bruc ine  (or  c in ch on id ine )  and excess ao id ,  
a g a in s t  the e q u iv a le n t s  of  ac id  used, gave no in d ic a t io n  of 
p o t e n t i a l  o p t i c a l  a c t i v i t y .
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A t t e m p t s  t o  b r i n g  a b o u t  a  s e c o n d  o r d e r  a s y m m e t r i c  
t r a n s f o r m a t i o n  o f  e i t h e r  a c i d  w i t h  b r u c i n e  w e re  u n s u c c e s s ­
f u l ;  d e c o m p o s i t i o n  o f  t h e  a l k a l o i d a l  s a l t s  o b t a i n e d  ga ve  
i n  b o t h  i n s t a n c e s  a n  i n a c t i v e  a c i d .
M e i s e n h e i m e r  a n d  B e i s s w e n g e r  ( l o c .  c i t . ) p r e p a r e d  
1 : 2 ’ - d i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  (V) a n d  u n s u c c e s s f u l l y
C M
a t t e m p t e d  t o  o b t a i n  t h e  a c i d  i n  a n  o p t i c a l l y  a c t i v e  f o r m .
I n  s u c h  a n  a c i d ,  i t  a p p e a r e d  f r o m  m o d e l s  t h a t  a  c o n s i d e r a b l e  
h i n d r a n c e  t o  r o t a t i o n  m i g h t  e x i s t  o w in g  t o  c o l l i s i o n  b e t w e e n  
t h e  1* o r  3 » - h y d r o g e n  a to m s  w i t h  t h e  8 -  c a r b o x y l  g r o u p .  I f  
s u c h  w e r e  t h e  c a s e ,  o p t i c a l  a c t i v i t y  ( a l t h o u g h  p r o b a b l y  o f  
a n  u n s t a b l e  t y p e )  s h o u l d  b e  d e t e c t a b l e .
I n  v i e w  o f  t h e s e  c o n c l u s i o n s ,  t o g e t h e r  w i t h  t h e  e x p e r ­
i m e n t a l  r e s u l t s  o b t a i n e d  w i t h  r e l a t e d  a c i d s ,  i t  was c o n s ­
i d e r e d  o f  i n t e r e s t  t o  r e - i n v e s t i g a t e  t h e  co m p o u n d .  M e i s e n -  
h e i m e r ^ a n d  B e i s s w e n g e r  s:^ 7n t h e s i s e d  t h e  s u b s t a n c e  f r o m  e t h y l  
1 - c h l o r o - 8 - n a p h t h o a t e  a n d  2 - c h l o r o n a p h t h a l e n e , b y  means o f  a n  
U l l m a n n  r e a c t i o n .  R e p e a t e d  a t t e m p t s  t o  o b t a i n  t h e  a c i d  b y  
t h e  U l l m a n n  r e a c t i o n  s t a r t i n g  w i t h  a v a i l a b l e  m e t h y l  8 - b r o m o -  
l - n a p h t h o a t e  a n d  2 - b r o m o n a p h t h a l e n e  w e r e  u n s u c c e s s f u l .  As an  
a l t e r n a t i v e  a n  a t t e m p t  was made t o  p r e p a r e  3 » - m e t h y l - 1 -
p h e n y l n a p h t h a l e n e - S - c a r b o x y l i c  a c i d .  A p r o d u c t  was o b t a i n e d  
f r o m  a n  u n s y m m e t r i c a l  U l l m a n n  r e a c t i o n  i n  a  v e r y  lo w  y i e l d  
( 3 ^  o f  T h e o r y )  a n d  v / i t h  p o o r  a n a l y s i s  r e s u l t s .  The a t t e m p t s  
a t  p r e p a r a t i o n  w e r e  d i s c o n t i n u e d .
I n  o r d e r  t o  d i s c o v e r  w h e t h e r  t h e  e f f i c i e n t  b l o c k i n g  
p r o p e r t i e s  a p p a r e n t l y  p o s s e s s e d  b y  t h e  n u c l e a r  h y d r o g e n  a to m s  
w e r e  e x t e n d e d  t o  h y d r o g e n  a to m s  a t t a c h e d  t o  a n  u n s a t u r a t e d  
c a r b o n  s i d e  c h a i n ,  2 * - i s o p r o p e n y l d i p h e n y l - 2 - c a r b o x y l i c  a c i d  
( V I I )  was s y n t h e s i s e d  a n d  o p t i c a l l y  i n v e s t i g a t e d .
VII ^  ^  Y i i i
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I t  was shovm t h a t  t h e  a c i d  c o u l d  n o t  b e  o p t i c a l l y  
a c t i v a t e d  e i t h e r  b y  b r u c i n e  o r  c i n c h o n i d i n e .  A d d i t i o n  c u r v e s  
w e r e  c o n s t r u c t e d  w i t h  b o t h  t h e s e  a l k a l o i d s ,  b u t  no  e v i d e n c e  
o f  p o t e n t i a l  o p t i c a l  a c t i v i t y  c o u l d  b e  d e d u c e d ,  a l t h o u g h  t h e  
r e l a t e d  a c i d  ( V I I I )  h a d  b e e n  o b t a i n e d  i n  a n  o p t i c a l l y  a c t i v e  
f o r m  ( C o r b e l l i n i  a n d  A n g e l e t t i ,  l o c .  c i t .  ; J a m i s o n  a n d  
T u r n e r ,  J . ,  1 9 4 2 ,  4 3 7 ) .
I t  i s  e v i d e n t ,  i n  t h e  s e r i e s  o f  compounds s o  f a r  
d i s c u s s e d ,  t h a t  w h i l e  c o l l i s i o n  b e t w e e n  n u c l e a r  h y d r o g e n  
a to m s  i s  e x t r e m e l y  e f f i c i e n t  i n  p r e v e n t i n g  f r e e  r o t a t i o n  a b o u t  
t h e  i n t e r - n u c l e a r  b o n d ,  s u c h  a  c o l l i s i o n  b e t w e e n  o n l y  two 
s u c h  a t o m s ,  w i t h o u t  s u p p o r t i n g  c o l l i s i o n s  b e t w e e n  o t h e r  g r o u p s  
i n  t h e  m o l e c u l e ,  d o e s  n o t  h i n d e r  r o t a t i o n  a b o u t  t h e  1 : 1 » -  
b o n d  s u f f i c i e n t l y  f o r  i t  t o  g i v e  r i s e  t o  o b s e r v a b l e  a c t i v i t y .
A c o m p a r a t i v e  s t u d y  o f  t h e  r e l a t i v e  o p t i c a l  s t a b i l i t i e s
3o
o f  l : l * - d i n a p h t h y l - 5 : 5 * - d l c a r b o x y l i c  a c i d  ( l a  a n d  I b ) , 
l : l * - d i n a p h t h y l - 8 - c a r b o x y l i c  a c i d  ( I X )  a n d  1 : 1 » - d i n a p h t h y l -  
Si 8» - d i c a r b o x y l i c  a c i d  (X) r e v e a l s  a n  a p p a r e n t  a n o m a l y •
I X
M e i s e n h e i m e r  a n d  B e i s s w e n g e r  ( l o c . c i t . )  r e s o l v e d  ( IX )  a n d  
(X) a n d  d e t e r m i n e d  t h e  r a t e s  o f  r a c é m i s a t i o n  o f  t h e  a c i d s  
i n  a q u e o u s  s o d i u m  h y d r o x i d e  s o l u t i o n  ( s e e  a l s o ,  S t a n l e y ,
J . A m er .  Chem. S o c . , 1 9 3 1 ,  M ,  310 4 )  .
The  h a l f - l i f e  p e r i o d s  f o u n d  w e r e :
( I X )  15 h o u r s  a t  20^  a n d  (X) 160 m i n u t e s  a t  2 0 ^ ,  
s o  t h a t  t h e  o r d e r  o f  s t a b i l i t i e s  w o u l d  a p p e a r  t o  b e ,
( IX )  >  ( I )  >  ( X ) .
(T h e  h a l f - l i f e  p e r i o d  o f  ( I )  a t  2 0 °  i s  n o t  k n o w ,  b u t  a n  
e s t i m a t i o n  f r o m  t h e  v a l u e  a t  6 0 °  i n d i c a t e s  t h a t  i t  w i l l  b e  
b e t w e e n  300 a n d  700  m i n u t e s . )
T h i s  o r d e r  i s * o b v i o u s l y  c o n t r a r y  t o  t h a t  e x p e c t e d  f r o m  
c o n s i d e r a t i o n  o f  t h e  n u m b er  o f  s u b s t i t u e n t s  i n  t h e  ^ b l o c k i n g  
p o s i t i o n s ’ . I t  was t h e r e f o r e  d e c i d e d  t o  r e - i n v e s t i g a t e  ( X ) .  
T he  a c i d  was s y n t h e s i s e d  f r o m  m e t h y l  8 - b r o m o - l - n a p h t h o a t e  
b y  a n  U l lm a n n  r e a c t i o n ,  t h e  8 - b r o m o - l - n a p h t h o i c  a c i d  b e i n g  
p r e p a r e d  f r o m  n a p h t h a l e n e - 1 : 8 - d i c a r b o x y l i c  a c i d  ( R u l e ,  P u r s e l l  
a n d  B ro w n ,  J . ,  1 9 3 4 ,  1 6 8 ) .  T hu s  t h e  s t r u c t u r e  o f  (X) was 
e s t a b l i s h e d ,  p r e c l u d i n g  t h e  p o s s i b i l i t y  t h a t  t h e  a c i d  o b t a i n e d  
b y  M e i s e n h e i m e r  a n d  B e i s s w e n g e r  was a n  i s o m e r  h a v i n g  t h e
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COOH- g r o u p s  i n  p o s i t i o n s  o t h e r  t h a n  t h e  8 : 8 ’ .
( M e i s e n h e i m e r  p r e p a r e d  t h e  a c i d  f r o m  e t h y l  8 - c h l o r o - l -  
n a p h t h o a t e  o b t a i n e d  v i a  t h e  n i t r a t i o n  p r o d u c t  o f  1 - n a p h t h o i c  
a c i d . )
B o t h  t h e  (*f-) a n d  ( - )  a c i d s  w e r e  o b t a i n e d ' f r o m  t h e  
b r u c i n e  s a l t s  a n d  w e r e  f o u n d  t o  r a c e m i s e  i n  0 . I N  s o d iu m  
h y d r o x i d e  s o l u t i o n  w i t h  h a l f - l i f e  p e r i o d s  o f  163 a n d  165 
m i n u t e s  r e s p e c t i v e l y ;  v a l u e s  w h i c h  a g r e e  c l o s e l y  w i t h  t h o s e  
o f  M e i s e n h e i m e r .
T he  e x p l a n a t i o n  o f  t h e  a p p a r e n t l y  a n o m a lo u s  o r d e r  o f  
s t a b i l i t i e s  i s  s e e n  i f  t h e  s t a b i l i t y  o f  t h e  m o n o - e t h y l  e s t e r  
o f  (X) i s  c o n s i d e r e d .  M e i s e n h e i m e r  e t .  a l .  ( l o c .  c i t . ) 
sh o w ed  t h i s  compound t o  p o s s e s s  a  h a l f - l i f e  o f  2 8  h o u r s  i n  
a q u e o u s  s o d i u m  h y d r o x i d e  s o l u t i o n  a t  1 8 ^ .  We t h u s  h a v e  f o r  
t h e  s t a b i l i t y  o r d e r :
m o n o - e t h y l  e s t e r  ( x )  ^  ( IX )  ^  ( I )  
i . e .  t h e  o r d e r  e x p e c t e d  f r o m  s t r u c t u r a l  c o n s i d e r a t i o n s .
I t  a p p e a r s  t o  f o l l o w  t h a t  t h e  r e l a t i v e l y  lo w  o p t i c a l  
s t a b i l i t y  o f  t h e  d i s o d i u m  s a l t  o f  (X) i s  d u e  t o  t h e  p r e s e n c e  
i n  t h e  m o l e c u l e  o f  two a d j a c e n t  c h a r g e d  c a r b o x y l a t e  i o n  g r o u p s . 
E ven  s o ,  i t  i s  d i f f i c u l t  t o  s e e  v/hy (X) o r  i t s  m o n o - e t h y l  e s t e r  
s h o u l d  r a c e m i s e  a t  a l l  r e a d i l y .  P rom  t h e  c o n s i d e r a t i o n  o f  
a c c u r a t e l y  c o n s t r u c t e d  m o d e l s ,  i t  a p p e a r s  t h a t  t h e  c o n s i d e r a b l e  
i n t e r f e r e n c e  w i t h  f r e e  r o t a t i o n  a b o u t  t h e  1 : 1 ’ - b o n d  i n  1 : 1 ’ -  
d i n a p h t h y l - 8 : 8 ’ - d i c a r b o x y l i c  a c i d  (X) i s  s i m i l a r  t o  t h a t  i n  
1 : 1 ’ - d i n a p h t h y l - 2 : 2 ’ - d i c a r b o x y l i c  a c i d  ( X I ) .
32
H ooc
u
The l a t t e r  compound i s  h i g h l y  o p t i c a l l y  s t a b l e .
Kuhn a n d  A l b r e c h t  ( A n n a l e n , 1 9 2 8 ,  4 6 5 ,  2 82 )  f a i l e d  t o  
r a c e m i s e  t h e  a c t i v e  compound b y  h e a t i n g  a  s o l u t i o n  i n  
a q u e o u s  s o d i u m  h y d r o x i d e  f o r  4 . 5  h o u r s  on a  b o i l i n g  w a t e r  
b a t h .  H a l l  a n d  T u r n e r  ( Chem. a n d  I n d . , 1 9 5 3 ,  1177 )  r e ­
s o l v e d  t h e  a c i d  a n d  c o n f i r m e d  t h i s  r e s u l t .  The  r o t a t i o n  
o f  t h e  a c i d  was u n c h a n g e d  a f t e r  b o i l i n g  i n  0 . 1  N s o d i u m  
h y d r o x i d e  s o l u t i o n  f o r  10 h o u r s ,  f o l l o w e d  b y  h e a t i n g  i n  
a  s e a l e d  t u b e  f o r  5 h o u r s .
I n  s u p p o r t  o f  t h e  t h e o r y  a s s o c i a t i n g  t h e  p r e s e n c e  o f  
a d j a c e n t  c a r b o x y l a t e  i o n s  w i t h  an  i n c r e a s e  i n  t h e  r a t e  o f  
r a c é m i s a t i o n ,  i t  may b e  n o t e d  t h a t  c e r t a i n  a c t i v e  s u b s t i t ­
u t e d  d i p h e n i c  a c i d s  a r e  known f o r  w h i c h  t h e  r a t e  o f  r a c é ­
m i s a t i o n  i n  a q u e o u s  s o d i u m  h y d r o x i d e  i s  g r e a t e r  t h a n  t l i a t  
i n  a n  o r g a n i c  s o l v e n t .
S t a n l e y ,  McMahon a n d  Adams ( J .  A m e r .  Chem. S o c . ,  1 9 5 3 ,  
5 5 , 7 0 6 )  o b s e r v e d  t h a t  6 : 6 ' - d i m e t h o x y d i p h e n i c  a c i d  ( X I I )
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r a c e m i s e d  i n  b o i l i n g  s o d i u m  e t h o x i d e  s o l u t i o n  w i t h  a  h a l f -  
l i f e  o f  11 h o u r s  a n d  i n  b o i l i n g  0 . I N  s o d i u m  h y d r o x i d e  w i t h  
a  h a l f - l i f e  o f  7 h o u r s  50 m i n u t e s ,  w h i l s t  i n  b o i l i n g  e t h y l  
a l c o h o l  t h e  h a l f - l i f e  was 6 1 . 5  h o u r s .
Adams a n d  H a l e  ( i b i d . , 1 9 3 9 ,  ^ , 2 8 2 5 )  r e c o r d e d  t h a t  
w h i l s t  6 - n i t r o d i p h e n i c  a c i d  ( X I I I )  r a c e m i s e d  i n  b o i l i n g  
O . I N  s o d i u m  h y d r o x i d e  v / i t h  a  h a l f - l i f e  o f  4 . 6  m i n u t e s ,  t h e  
h a l f - l i f e  o f  t h e  a c i d  i n  b o i l i n g  n  - b u t y l  a l c o h o l  was 101 
o r  107 m i n u t e s .
The  t h e o r y  t h a t  a d j a c e n t  c a r b o x y l a t e  i o n s  a f f e c t  t h e  
r a t e  o f  r a c é m i s a t i o n  may p o s s i b l y  b e  e x t e n d e d  t o  e x p l a i n  t h e  
d i s c r e p a n c y  n o t e d  b y  Kuhn a n d  A l b r e c h t  ( A n n a l e n , 1 9 2 7 ,  4 5 5 , 
2 7 2 ;  i b i d . ,  1 9 2 7 ,  4 5 8 , 2 2 1 )  i n  t h e  r a t e  o f  r a c é m i s a t i o n  o f  
4 : 6 - d i n i t r o d i p h e n i c  a c i d  a n d  4 : 4 ' : 6 - t r i n i t r o d i p h e n i c  a c i d  i n  
2N s o d i u m  h y d r o x i d e  s o l u t i o n  a t  9 8 ° ,  a n d  t o  c o r r e l a t e  t h e  
r a t e s  o b t a i n e d  f o r  t h e s e  a c i d s  w i t h  t h a t  o b t a i n e d  f o r  6 -  
n i t r o d i p h e n i c  a c i d  b y  Adams a n d  H a l e  ( l o c .  c i t . ) .
T he  r a t e s  f o r  t h e s e  t h r e e  a c i d s  a r e : -
( a )  6 - n i t r o d i p h e n i c  a c i d  : H a l f - l i f e , 4 . 6  m i n s . i n  b o i l i n g
O .IN  s o d i u m  h y d r o x i d e  s o l u t i o n .
( b )  4 : 6 - d i n i t r o d i p h e n i c  a c i d ;  H a l f - l i f e , 18  m i n u t e s  i n  2N
s o d i u m  h y d r o x i d e  s o l u t i o n  a t  98®.
( c )  4 : 4 ' : 6 - t r i n i t r o d i p h e n i c  a c i d  : H a l f - l i f e ,  50 m i n u t e s
i n  2N s o d i u m  h y d r o x i d e  s o l u t i o n  a t  9 8 ° .
The e x p e r i m e n t a l  r e s u l t s  show t h a t  t h e  two a d j a c e n t
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c h a r g e d  g r o u p s  c a u s e  a n  a c t i v e  m o l e c u l e  t o  r a c e m i s e  more 
r a p i d l y  t h a n  t h e  same m o l e c u l e  w i t h  tw o  a d j a c e n t  n o n - c h a r g e d  
g r o u p s .  T h u s  i t  d o e s  n o t  s e em  u n r e a s o n a b l e  t o  s u p p o s e  t h a t  
t h e  r a t e  o f  r a c é m i s a t i o n  w o u ld  v a r y  w i t h  t h e  i n t e n s i t y  o f  
t h e  c h a r g e s  on  t h e  two g r o u p s .  Nov/ i n  t h e  c a s e  o f  4 : 6 - d i n ­
i t r o d i p h e n i c  a c i d  ( b )  i t  se em s  p o s s i b l e  t h a t  t h e  e l e c t r o n  
w i t h d r a w i n g  p r o p e r t i e s  o f  t h e  4 - n i t r o  g r o u p  w i l l  c a u s e  t h e  
c h a r g e  d e n s i t y  on t h e  c a r b o x y l a t e  i o n s  t o  b e  l e s s  t h a n  t h a t  
i n  t h e  compound ( a ) .  T h us  i t  m i g h t  b e  p r e d i c t e d  t h a t  (b )  
w o u ld  r a c e m i s e  l e s s  r a p i d l y  t h a n  compound ( a ) .  I n  t h e  c a s e  
o f  4 : 4 6 - t r i n i t r o d i p h e n i c  a c i d  ( c )  t h e  e x t r a  4 ' - n i t r o  gt^oup 
w i l l  c a u s e  t h e  t o t a l  c h a r g e  d e n s i t y  on  t h e  c a r b o x y l a t e  i o n s  
t o  d e c r e a s e  e v e n  f u r t h e r , when t h e  r a t e  o f  r a c é m i s a t i o n  w o u ld  
b e  e x p e c t e d  t o  b e  e v e n  s l o w e r  t h a n  t h o s e  o f  t h e  o t h e r  members  
o f  t h i s  s e r i e s  ( a )  a n d  ( b ) . The  o r d e r  o f  t h e  r a t e s  o f  r a c é ­
m i s a t i o n  w o u ld  t h e n  b e ,
( a )  >  ( b )  >  ( c )  
v /h ic h  i n  f a c t  i s  t h e  o r d e r  f o u n d  e x p e r i m e n t a l l y .
I n  a n  a t t e m p t  t o  o b t a i n  more  i n f o r m a t i o n  c o n c e r n i n g  
t h e  e f f e c t  o f  p o l a r  a n d  n o n - p o l a r  s o l v e n t s ^ a c e n d s a t i o n  r a t e  
o f  a  compound c o n t a i n i n g  a d j a c e n t  c a r b o x y l  g r o u p s ,  
l - p h e n y l n a p h t h a l e n e - 2 * : 8 - d i c a r b o x y l i c  a c i d  (X lVa a n d  XlVb) 
was p r e p a r e d  a n d  e x a m i n e d .
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The  b r u c i n e  s a l t  o f  t h i s  a c i d  u n d e r w e n t  f i r s t  o r d e r  
a s y m m e t r i c  t r a n s f o r m a t i o n  i n  c h l o r o f o r m  s o l u t i o n  a t  2 0 ^ .
W i t h  tw o  m o l e c u l e s  o f  b r u c i n e  t o  o n e  o f  a c i d  t h e  r a t e  o f  
e q u i l i b r a t i o n  was c o n s i d e r a b l y  f a s t e r  t h a n  w i t h  one  
m o l e c u l e  o f  e a c h .  S e c o n d  o r d e r  t r a n s f o r m a t i o n  i n  b e n z e n e  
( a n d  a c e t o n e )  s o l u t i o n  g a v e  a  m o n o - b r u c i n e  ( - f ' ) - a c i d  s a l t  
( e v e n  when tw o  e q u i v a l e n t s  o f  b r u c i n e  w e r e  u s e d ) ,  h a v i n g  a  
h a l f - l i f e  o f  460  m i n u t e s  i n  c h l o r o f o r m  s o l u t i o n  a t  2 0 ^ .  
R a c é m i s a t i o n  o f  t h e  f r e e  (4") - a c i d  was o b s e r v e d  i n  c h l o r o f o r m  
s o l u t i o n  a t  2 0 ^ ,  when t h e  r a t e  o f  r a c é m i s a t i o n  was f o u n d  t o  
b e  v e r y  s e n s i t i v e  t o  t h e  am o u n t  o f  a l c o h o l  p r e s e n t .  T h r e e  
e x p e r i m e n t s  w e r e  c a r r i e d  o u t .
( i )  I n  a  " B . P c h l o r o f o r m  s o l u t i o n  v /h ic h  h a d  b e e n  v /ashed  
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a n d  v / a t e r , t o  e n s u r e  c o m p l e t e  
r e m o v a l  o f  b r u c i n e ,  t h e  h a l f - l i f e  p e r i o d  was 2 20  m i n u t e s .
The w a s h i n g  was p r e s u m e d  t o  h a v e  r e m o v e d  some o f  t h e  a l c o h o l  
u s u a l l y  p r e s e n t  i n  t h e  s o l v e n t .
( i i )  I n  " B . P . "  c h l o r o f o r m  c o n t a i n i n g  t h e  u s u a l * a m o u n t  o f  
a l c o h o l  t h e  h a l f - l i f e  p e r i o d  o f  t h e  a c i d  was f o u n d  t o  b e  
GO m i n u t e s  •
( i i i )  I n  " B . P . "  c h l o r o f o r m ,  t o  v /h ic h  h a d  b e e n  a d d e d  a n  e x t r a  
2*dfc o f  e t h a n o l ,  t h e  h a l f - l i f e  p e r i o d  was 55 m i n u t e s .
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T h u s  i t  i s  s e e n  t h a t  t h e  r a t e  o f  r a c é m i s a t i o n  i n  
c h l o r o f o r m  s o l u t i o n  i n c r e a s e s  w i t h  t h e  am oun t  o f  a l c o h o l  
p r e s e n t .  T h i s  f a c t  w o u l d  seem  t o  p r o v i d e  f u r t h e r  e v i d e n c e  
t h a t  w i t h  s u c h  a  m o l e c u l e  ( c o n t a i n i n g  a d j a c e n t  c a r b o x y l  
g r o u p s )  t h e  a n i o n  r a c e m i s e s  f a s t e r  t h a n  t h e  f r e e  a c i d . 
A t t e m p t s  t o  o b s e r v e  t h e  r a c é m i s a t i o n  i n  a l k a l i n e  s o l u t i o n  
w e r e  u n s u c c e s s f u l .  The  s o d i u m  s a l t  was f o u n d  t o  b e  
s p a r i n g l y  s o l u b l e  a n d  t h e  a c i d  d i s s o l v e s  so  s l o w l y  i n  
a q u e o u s  p o t a s s i u m  h y d r o x i d e  t h a t  p o l a r i m e t r i c  r e a d i n g s  
c o u l d  n o t  b e  t a k e n  u n t i l  15 m i n u t e s  a f t e r  w e t t i n g ,  b y  w h i c h  
t i m e ,  r a c é m i s a t i o n  vms c o m p l e t e .  T h i s  r e s u l t  a l s o  i n d i c a t e s  
q u a l i t a t i v e l y  t h a t  t h e  a n i o n  r a c e m i s e s  more  r a p i d l y  t h a n  t h e  
f r e e  a c i d ,  a n d  t h a t  t h e  a c i d  i s  i n t e r m e d i a t e  i n  o p t i c a l  
s t a b i l i t y  b e t w e e n  l - p h e n y l n a p h t h a l e n e - 2 »- c a r b o x y l i c  a c i d  a n d  
1 : 1 » - d i n a p h t h y l - 5 : 5 » - d i c a r b o x y l i c  a c i d .
W i t h  a  v i e w  t o  o b t a i n i n g  m ore  d a t e  c o n c e r n i n g  t h e .
* a d j a c e n t  ion*  e f f e c t ,  t o g e t h e r  w i t h  i n f o r m a t i o n  a b o u t  t h e  
r e l a t i v e  o p t i c a l  s t a b i l i t i e s  o f  t h e  p h e n y l n a p h t h a l e n e  s e r i e s ,  
i t  was p r o p o s e d  t o  p r e p a r e  a n d  i n v e s t i g a t e  1 - p h e n y l n a p h t h a l e n e  
- 2 : 2 * - d i c a r b o x y l i c  a c i d  (X V ) .
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The  p r e p a r a t i o n  was a t t e m p t e d  e m p l o y i n g  a n  U l l m a n n  r e a c t i o n  
he tvveen  m e t h y l  £ - i o d o h e n z o a t e  a n d  m e t h y l  l - b r o m o - 2 - n a p h t h o a t e .  
A h o m o g e n e o u s  p r o d u c t  c o u l d  n o t  be  o b t a i n e d .  I n  a  f u r t h e r  
a t t e m p t  t o  o b t a i n  (X V ),  2 * - m e t h y l - l - p h e n y l n a p h t h a l e n e - 2 -  
c a r b o x y l i c  a c i d  (XVI) was p r e p a r e d ,  b u t  a n  a t t e m p t  t o  o x i d i s e  
i t  p r o v e d  u n s u c c e s s f u l .
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PART I I .
RELATION BBTVirSEN ULTRA-VIOLET ABSORPTION SPECTRA A m
CONPIGURATION
S e c t i o n  1 .  I n t r o d u c t i o n ,  i n c l u d i n g  p r e v i o u s  w o r k .
T r a n s i t i o n s  o f  t h e  7 T  ( u n s a t u r a t i o n )  e l e c t r o n s  f r o m  
o n e  e n e r g y  l e v e l  t o  a n o t h e r  c a n  g i v e  r i s e  t o  a b s o r p t i o n  i n  
t h e  r e g i o n  \  200  -  1 0 00  lyw,, a n d  h e n c e  i t  c a n  b e  s e e n  
t h a t  i n v e s t i g a t i o n  o f  t h e  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  
( A :  2 0 0  -  400  s h o u l d  y i e l d  i n f o r m a t i o n  c o n c e r n i n g
t h e  d i s t r i b u t i o n  o f  u n s a t u r a t e d  l i n k a g e s  i n  a  m o l e c u l e .
W h i l e  t h e  r e s u l t a n t  e f f e c t  on  t h e  u l t r a - v i o l e t  s p e c t r a  
o f  two w e l l  s e p a r a t e d  e t h y l e n i c  b o n d s  i n  a  m o l e c u l e  i s  
l a r g e l y  a d d i t i v e ,  t h e  r e s u l t  when two s u c h  c h r o m o p h o r e s  a r e  
s e p a r a t e d  b y  o n l y  one  s i n g l e  b o n d  i s  a n o m a lo u s  a n d  c e r t a i n  
c h a r a c t e r i s t i c  p h en om en a  a r e  o b s e r v e d  w h i c h  h a v e  becom e  
a s s o c i a t e d  w i t h  c o n j u g a t e d  s y s t e m s .  T h i s  u n p r e d i c t e d  
b e h a v i o u r  i s  p a r a l l e l l e d  i n  t h e i r  c h e m i c a l  r e a c t i o n s  ( e . g .
1 : 4  a d d i t i o n )  a n d  b y  t h e  o p t i c a l  e x a l t a t i o n  r e c o r d e d  i n  t h e  
m o l e c u l a r  r e f r a c t i o n  v a l u e s .  The c h e m i c a l  e f f e c t s  h a v e  b e e n  
e x p l a i n e d  b y  t h e  c o n c e p t  o f  r e s o n a n c e  o r  m e s o m e r i s m .  The 
p r o p e r t i e s  o f  compounds whose  b e h a v i o u r  c a n n o t  b e  f u l l y  
e x p l a i n e d  b y  one  c o n v e n t i o n a l  f o r m u l a  a r e  o f t e n  e l u c i d a t e d  b y  
a  c o n s i d e r a t i o n  o f  s e v e r a l  s t r u c t u r e s  o f  s i m i l a r  p o t e n t i a l  
e n e r g y ,  w h i c h  d i f f e r  o n l y  i n  t h e  d i s t r i b u t i o n  o f  e l e c t r o n
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p a i r s .  The  i n d i v i d u a l  s t r u c t u r e s  h a v e  n o  s e p a r a t e  e x i s t e n c e  
a n d  t h e  m o l e c u l e  i s  r e g a r d e d  a s  a  * r e s o n a n c e  h y b r i d *  o f  t h e  
e n e r g e t i c a l l y  p e r m i s s i b l e  f o r m s .  The  h y b r i d  h a s  a  l o w e r  
p o t e n t i a l  e n e r g y  t h a n  a n y  o f  t h e  c o n t r i b u t i n g  s t r u c t u r e s ,  
v / i t h  t h e  r e s u l t  t h a t  t h e  e l e c t r o n i c  e n e r g y  l e v e l s  a n d  h e n c e  
t h e  m o l e c u l a r  s p e c t r a  a r e  a f f e c t e d .  The e n e r g y  l e v e l s  a r e  
d e p r e s s e d  a n d  t r a n s i t i o n  f r o m  one  s t a t e  t o  a n o t h e r  r e q u i r e s  
l e s s  e n e r g y  t h a n  i n  a n y  o f  t h e  r e s o n a t i n g  f o r m s .  From  t h e
e q u a t i o n  (E ^  -  Eyy)  % shV^ i t  c a n  b e  s e e n  t h a t  t h e  c o r r e s ­
p o n d i n g  a b s o r p t i o n  b a n d  w i l l  b e  a t  a  I oywt f r e q u e n c y ,  i . e .  
a t  a  l o n g e r  w a v e l e n g t h .  I n  a d d i t i o n  t h e  e n e r g y  l e v e l s  a r e  
c rov fded  t o g e t h e r ,  t r a n s i t i o n s  b e t w e e n  t h e m  become more 
p r o b a b l e  a n d  t h e  i n t e n s i t y  o f  t h e  a b s o r p t i o n  b a n d  i s  i n c r e a s e d .
W i t h  a  s y s t e m  c o n t a i n i n g  d o u b l e  b o n d s ,  t h e  nu m b er  o f  
p o s s i b l e  r e s o n a n c e  f o r m s  a n d  t h e  a s s o c i a t e d  s p e c t r a l  e f f e c t s  
a r e  i n c r e a s e d  b y  t h e  d e g r e e  o f  c o n j u g a t i o n .  F rom  t h e  f o r e ­
g o i n g  c o n c l u s i o n s ,  i t  c an  b e  p r e d i c t e d  t h a t  a s  t h e  c o n j u g a t i o n  
o f  a s y s t e m  i n c r e a s e s ,  t h e  a b s o r p t i o n  b a n d s  w i l l  u n d e r g o  a 
s h i f t  ( b a t h o c h r o m i c )  t o  l o n g e r  w a v e l e n g t h s  a n d  w i l l  becom e more  
i n t e n s e .  T h e s e  p r e d i c t i o n s  h a v e  b e e n  C o n f i r m e d  b y  e x p e r i m e n t a l  
r e s u l t s .
B e n z e n e  e x h i b i t s  two m a in  a b s o r p t i o n  b a n d s .  The f i r s t  i s  
o f  h i g h  i n t e n s i t y  { £  c a .  8000)  i n  t h e  r e g i o n  o f  1 98  a n d  
i s  c o n s e q u e n t l y  j u s t  o u t s i d e  t h e  l i m i t  o f  t h e  u s u a l  q u a r t z  
s p e c t r o p h o t o m e t e r .  T h i s  b a n d  i s  p r o b a b l y  a  c o n j u g a t i o n  { K- )
b a n d  s i m i l a r  t o  t h a t  f o u n d  i n  o t h e r  c o n j u g a t e d  s y s t e m s .
T he  o t h e r  m a in  r e g i o n  o f  a b s o r p t i o n  i s  b e t w e e n  230 a n d  27o myi^ 
a n d  h e r e  t h e  b a n d  i s  o f  lo w  i n t e n s i t y  ( ^  c a .  23 0)  a n d  
e x h i b i t s  c o n s i d e r a b l e  f i n e  s t r u c t u r e .  The s p e c t r u m  o f  
d i p h e n y l  show s c e r t a i n  p r o n o u n c e d  d i f f e r e n c e s  f r o m  t h a t  o f  
b e n z e n e ,  w h i c h  a r e  m a i n l y  a t t r i b u t e d  t o  c o n j u g a t i o n  a c r o s s  
t h e  r i n g s .  Maximum a b s o r p t i o n  o c c u r s  a t  255  m^U-, t h e  i n t e n s i t y  
i s  g r e a t l y  i n c r e a s e d  ( £  1 8 ,0 0 0 )  a n d  n o  t r a c e  o f  f i n e  s t r u c t u r e  
i s  a p p a r e n t .  T h i s  *d i p h e n y l *  ( c o n j u g a t i o n )  b a n d  o f  h i g h  
i n t e n s i t y  a n d  l a c k i n g  i n  f i n e  s t r u c t u r e ,  v /h ic h  b e a r s  no  
r e s e m b l a n c e  t o  t h e  s p e c t r a  o f  t h e  p a r t i a l  b e n z e n o i d  c h ro m o ­
p h o r e s ,  i s  f o u n d  i n  a  v a r i e t y  o f  d i p h e n y l  compounds s u b s t i t u t e d  
i n  p o s i t i o n s  o t h e r  t h a n  t h e  2 : 2 * o r  6 : 6 * .  On t h e  o t h e r  h a n d ,  
t h e  s p e c t r a  o f  d i p h e n y l s  v /h ic h  a r e  s u b s t i t u t e d  i n  t h e  o r t h o  
p o s i t i o n s  t e n d  t o  show a  r e v e r s i o n  t o  t h e  b e n z e n o i d  t y p e .
P i c k e t ,  W a l t e r  a n d  F r a n c e  ( J . A m er .  Chem. S o c . ,  1 9 3 6 ,
5 8 , 2 2 9 6 )  i n v e s t i g a t e d  t h e  u l t r a - v i o l e t  s p e c t r a  o f  d i p h e n y l  
com pounds  i n  w h i c h  t h e  f o u r  o r t h o  p o s i t i o n s  w e r e ;
( i )  s u b s t i t u t e d  a n d  ( i i )  u n s u b s t i t u t e d .  2 : 2  * : 4 :4 *  : 6 : 6  *-
H e x a c h l o r o d i p h e n y l  was f o u n d  t o  h a v e  a  s p e c t r u m  o f  s u b s t a n t ­
i a l l y  t h e  t y p e  o b s e r v e d  f o r  t r i c h l o r o b e n z e n e ;  w h i l e  t h a t  o f  
d i m e s  i t y l  was f o u n d  t o  a g r e e  c l o s e l y  w i t h  t h a t  o f  1 : 3 : 5 -  
t r i m e t h y l b e n z e n e .  I n  e a c h  c a s e ,  t h e  i n t e n s i t y  o f  t h e  m a in  
b a n d  o f  t h e  d i p h e n y l  compound v/as g r e a t e r  t h a n  t h a t  o f  t h e  
b e n z e n e  com pounds  o w in g  t o  t h e  c o m b in e d  c o n t r i b u t i o n s  o f  t h e  
p a r t i a l  b e n z e n o i d  c h r o m o p h o r e s .  On t h e  o t h e r  h a n d ,  4 : 4 * -
d i m o t h y l d i p h e n y l  a n d  4 : 4 » - d i c h l o r o d i p h e n y l  e a c h  e x h i b i t e d  
a n  a b s o r p t i o n  b a n d  v /h ic h  r e s e m b l e d  t h e  c o n j u g a t i o n  b a n d  o f  
d i p h e n y l  ( h i g h  i n t e n s i t y  a n d  l a c k  o f  f i n e  s t r u c t u r e )  r a t h e r  
t h a n  t h e  s p e c t r a  o f  t o l u e n e  a n d  c h l o r o b e n z e n e  ( v /h ic h  shov/ 
l o w  i n t e n s i t y  a n d  c o n s i d e r a b l e  f i n e  s t r u c t u r e ) .
C e r t a i n  d i p h e n y l  compounds i n  v /h ic h  o n l y  tv/o o f  t h e  
f o u r  o r t h o  p o s i t i o n s  a r e  s u b s t i t u t e d  a l s o  f a i l  t o  e x h i b i t  t h e  
c h a r a c t e r i s t i c  d i p h e n y l  b a n d .  0 * S h a u g h n e s s y  a n d  R o d e b u s h  
( i b i d . , 1 9 4 0 ,  2 9 0 6 )  m e a s u r e d  t h e  s p e c t r a  o f  2 : 2 * -
d i m e t h y l d i p h e n y l  a n d  2 : 2 * : 4 : 4 * - t e t r a m e t h y l d i p h e n y l  a n d  show ed 
t h e m  t o  b e  o f  t h e  d i m e s i t y l  t y p e ,  q u i t e  d i f f e r e n t  f r o m  t h e  
r e s u l t s  o b t a i n e d  f o r  3 : 3 * -  a n d  4 : 4 * - d i m e t h y l d i p h e n y l  w h i c h  
c l o s e l y  r e s e m b l e d  t h e  s p e c t r u m  o f  d i p h e n y l .  S e e  a l s o ,  B e a v e n ,  
H a s s ,  L e s s l i e ,  T u r n e r  a n d  B i r d ,  J . ,  1 9 5 4 ,  1 3 1 ) .
E v e n  d i p h e n y l s  i n  w h i c h  o n l y  one  o f  t h e  o r t h o  p o s i t i o n s  
i s  s u b s t i t u t e d  may show a  d e c r e a s e  i n  i n t e n s i t y  o f  t h e  
d i p h e n y l  b a n d .  P r i e d e l ,  O r c h i n  a n d  R e g g e l  ( i b i d . , 1 9 4 8 ,  7 0 ,  
199)  c o m p a r e d  t h e  s p e c t r u m  o f  d i p h e n y l  w i t h  t h o s e  o f  2 -  
m e t h y l - , 2 - m e t h o x y - a n d  2 - h y d r o x y d i p h e n y l . W i t h  t h e s e  t h r e e  
com pounds  a  d e c r e a s e  i n  i n t e n s i t y ,  t o g e t h e r ,  i n  t h e  l a s t  two 
c a s e s ,  v / i t h  t h e  a p p e a r a n c e  o f  a  l o n g  wave b a n d  was o b s e r v e d .  
F r i e d e l  e t .  a l .  ( l o c .  c i t . )  a l s o  e x a m in e d  t h e  c a s e s  o f  t h e  
i s o m e r i c  d i n a p h t h y l s  a n d  c e r t a i n  p h e n y l n a p h t h a l e n e s •
The  s p e c t r u m  o f  2 - p h e n y l n a p h t h a l e n e  b e a r s  l i t t l e  
r e s e m b l a n c e  t o  t h a t  o f  n a p h t h a l e n e ,  h o w e v e r  s u b s t i t u t i o n  o f  
a  m e t h y l  g r o u p  I r p h e  2 * -  p o s i t i o n  c a u s e s  a  r e v e r s i o n  o f  t h e
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s p e c t r u m  t o w a r d s  t h a t  o f  n a p h t h a l e n e .  W i t h  1 - p h e n y l n a p h t h a l e n e  
w h i c h  can  b e  r e g a r d e d  a s  a  m o n o s u b s t i t u t e d  d i p h e n y l ,  t h e  
s p e c t r u m  r e s e m b l e s  t h a t  o f  n a p h t h a l e n e  i n  s p i t e  o f  a  s l i g h t  
b a t h o c h r o m i c  s h i f t .  I n  t h e  c a s e  o f  t h e  d i n a p h t h y l s ,  i t  was 
f o u n d  t h a t  t h e  s p e c t r u m  o f  1 : 1 * - d i n a p h t h y l  shov/s t h e  c l o s e s t  
r e s e m b l a n c e  t o  t h a t  o f  n a p h t h a l e n e ,  v / h i l e  2 : 2 * - d i n a p h t h y l  shows 
a  m a r k e d  d i f f e r e n c e .  1 : 2 * - d i n a p h t h y l  e x h i b i t s  a  s p e c t r u m  
b e t w e e n  t h e s e  two w i t h  a  b i a s  t o v / a r d s  t h a t  o f  t h e  1 : 1 * - c o m p o u n d .
T he  o r i g i n a l  e x p l a n a t i o n  a d v a n c e d  t o  a c c o u n t  f o r  t h e  
r e t e n t i o n  o r  l o s s  o f  t h e  d i p h e n y l  b a n d  i n  t h e  u l t r a - v i o l e t  
a b s o r p t i o n  s p e c t r a  o f  s u b s t i t u t e d  d i p h e n y l s ,  was b a s e d  u p o n  
t h e  b e l i e f  t h a t  c o n j u g a t i o n  a c r o s s  t h e  r i n g s  was o n l y  p o s s i b l e  
w h i l e  a  c o p l a n  a r  c o n f i g u r a t i o n  v/as m a i n t a i n e d .  0 * S h a u g h n e s s y  
a n d  R o d e b u s h  ( l o c .  c i t . ) s t a t e d  t h a t  : -
**—  F o r  r e s o n a n c e  o r  c o n j u g a t i o n  t o  i n v o l v e  tv/o r i n g s
a s  i n  b i p h e n y l ,  i t  i s  n e c e s s a r y  t h a t  t h e  7T  o r b i t a l s  o f  t h e  
a d j a c e n t  1 : 1 * - c a r b o n s  b e  p a r a l l e l  a n d  t h i s  r e q u i r e s  t h e  
c o p l a n a r i t y  o f  t h e  tw o  r i n g s .* *
T h u s  i t  v/as a s s u m e d  t h a t  i n  d i p h e n y l  compounds u n s u b s t i t ­
u t e d  i n  t h e  o r t h o  p o s i t i o n s  t h e  r i n g s  a d o p t e d  a  c o p l a n a r  
c o n f i g u r a t i o n  a n d  c o n j u g a t i o n  b e tw e e n  t h e m  was c o m p l e t e .  As 
e x p e c t e d ,  a  c o r r e s p o n d i n g  c h a n g e  i n  t h e  s p e c t r a  o b s e r v e d  f o r  
t h e  b e n z e n o i d  c h r o m o p h o r e s  i s  e x h i b i t e d .  The m a in  a b s o r p t i o n  
b a n d s  u n d e r g o  a  b a t h o c h r o m i c  s h i f t ,  c o n s i d e r a b l e  i n c r e a s e  i n  
i n t e n s i t y  a n d  a l o s s  o f  f i n e  s t r u c t u r e .  H ow ever  when a l l  
f o u r  o r t h o  p o s i t i o n s  a r e  b l o c k e d ,  f r e e  r o t a t i o n  a b o u t  t h e  1 : 1 * -
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b ond  i s  no  l o n g e r  p o s s i b l e  a n d  a n o n - c o p l a n a r  p r e f e r r e d  
c o n f i g u r a t i o n  r e s u l t s .  I n  s u c h  a  c a s e  i t  was b e l i e v e d  t h a t  
i n t e r a n n u l a r  c o n j u g a t i o n  was no  l o n g e r  p o s s i b l e ,  w h i c h  w o u ld  
e x p l a i n  t h e  h y p s o c h r o r n i c  s h i f t ,  d e c r e a s e  i n  i n t e n s i t y  a n d  
i n c r e a s e  i n  f i n e  s t r u c t u r e  o b s e r v e d ,  a s  a  r e v e r s i o n  t o  t h e  
s p e c t r a  o f  t h e  i n d i v i d u a l  b e n z e n o i d  c o n s t i t u e n t s .
C e r t a i n  d i p h e n y l s  w i t h  s u f f i c i e n t l y  l a r g e  o r t h o  s u b ­
s t i t u e n t s  h a v e  b e e n  shown t o  b e  c a p a b l e  o f  r e s o l u t i o n  and  
a r e  t h u s  i n c a p a b l e  o f  a t t a i n i n g  a  c o p l a n a r  f o r m .  As t h e  s i z e  
o f  t h e  o r t h o  g r o u p s  i s  d e c r e a s e d ,  t h e  compounds becom e l e s s  
s t a b l e  a n d  w h i l e  t h e y  may b e  o p t i c a l l y  a c t i v a b l e ,  t h e y  a r e  
no  l o n g e r  c a p a b l e  o f  r e s o l u t i o n .  H ow ever  some compounds o f  
t h e  d i p h e n y l  s e r i e s  h a v i n g  s u c h  s m a l l  g r o u p s  i n  t h e  b l o c k i n g  
p o s i t i o n  t h a t  t h e  compound c a n n o t  e v e n  b e  o p t i c a l l y  a c t i v a t e d  
h a v e  s p e c t r a  w h i c h  i m p l y  a  l a c k  o f  o r  d e c r e a s e  i n  c o n j u g a t i o n  
u s u a l l y  a s s o c i a t e d  w i t h  a  n o n - c o p l a n a r  f o r m .  I t  was c o n s i d ­
e r e d  a t  o ne  t i m e  t h a t  t h e  s t a b i l i s i n g  e f f e c t s  o f  r e s o n a n c e  i n  
com pounds  o f  t h i s  t y p e  w o u ld  t e n d  t o  p r o d u c e  a  s t r u c t u r e  i n  
w h i c h  a t  l e a s t  t h e  p r e f e r r e d  c o n f i g u r a t i o n  w o u ld  b e  p l a n a r .  
R e c e n t l y ,  h o w e v e r , a  m ass  o f  c o n f l i c t i n g  e v i d e n c e  h a s  
a c c u m u l a t e d  c o n c e r n i n g  t h e  c o n f i g u r a t i o n  o f  many d i p h e n y l  
c o m p o u n d s .  I t  h a s  b e e n  s u g g e s t e d  t h a t  e v e n  w i t h  d i p h e n y l  
t h e  p r e f e r r e d  c o n f i g u r a t i o n  o f  t h e  i s o l a t e d  m o l e c u l e  i s  n o t
a  c o p l a n a r  o n e .
D h a r  ( l o c .  c i t . ) ,  u s i n g  X - r a y  c r y s t a l l o g r a p h i c  m e t h o d s ,  
sh o w ed  t h e  d i p h e n y l  m o l e c u l e  i n  t h e  c r y s t a l  t o  b e  c o p l a n a r .
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S i m i l a r l y ,  T o u s s a i n t  ( A c t a  G r y s t . , 1 9 4 8 ,  1 ,  43)  f o u n d  t h a t  
t h e  r i n g s  o f  3 : 3 * - d i c h l o r o b e n z i d i n e  i n  t h e  c r y s t a l  w e re  
a p p r o x i m a t e l y  c o p l a n a r , t h e  c h l o r i n e  a to m s  h a v i n g  a  t r a n s  
r e l a t i o n s h i p .  H o w e v e r ,  8m are  ( i b  i d . , p .  150)  c o n c l u d e d  t h a t  
w i t h  2 : 2 * - d i c h l o r o b e n z i d i n e  t h e  r i n g s  w e re  a t  a n  a n g l e  o f  72^ 
t o  e a c h  o t h e r  b u t  w i t h  t h e  c h l o r i n e  a to m s  c i s  r a t h e r  t h a n  
t r a n s  . A s i m i l a r  r e s u l t  was o b t a i n e d  f o r  2 : 2 * - d i m e t h y l -  
b e n z i d i n e  d i h y d r o c h l o r i d e  (PovA vea ther  a n d  H a r g r e a v e s ,  i b i d . , 
1 9 5 0 ,  _3, 8 1 ) :  t h e  r i n g s  w e re  shown t o  b e  a t  an  a n g l e  o f
7 1 ^  w i t h  t h e  m e t h y l  g r o u p s  a r r a n g e d  i n  a  c i s  p o s i t i o n .
T h e s e  r e s u l t s  o n l y  g i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  
c o n f i g u r a t i o n  i n  t h e  c r y s t a l  f o r m ,  w h e re  t h e  m o l e c u l e  i s  
s u b j e c t e d  t o  t h e  I n f l u e n c e  o f  c o h e s i v e  f o r c e s  w h i c h  a r e  a b s e n t  
i n  s o l u t i o n  o r  i n  t h e  v a p o u r  s t a t e .
On t h e  o t h e r  h a n d ,  e l e c t r o n  d i f f r a c t i o n  m e a s u r e m e n t s  o f  
v a p o u r s  g i v e  d a t a  c o n c e r n i n g  t h e  i s o l a t e d  m o l e c u l e .  U s i n g  
t h i s  m e t h o d .  E a r  l e  a n d  Broc lrway  ( J .  Am er.  Chem. S o c . , 1 9 4 4 ,
6 6 ,  1974)  s u g g e s t e d  a  n o n - c o p l a n a r  f o r m  f o r  t h e  d i p h e n y l  
m o l e c u l e ;  t h e  a n g l e  b e t w e e n  t h e  r i n g s  was g i v e n  b y  B a s t i a n s e n  
( A c t a  Chem. S c a n d . , 1 9 4 9 ,  3 ,  4 0 8 )  a s  45 ± 1 0 ° .  I n  t h e  same 
p a p e r  i t  was c o n c l u d e d  t h a t  t h e  r i n g s  i n  3 : 3 * - d i c h l o r o b e n z i d i n e  
a n d  3 : 3 * - d i b r o m o d i p h e n y l  w e re  a t  a n g l e s  o f  52 t  10^  a n d  
54  t  5 °  r e s p e c t i v e l y .
D i p o l e  moment m e a s u r e m e n t s  h a v e  b e e n  e m p lo y e d  t o  g i v e  
i n f o r m a t i o n  c o n c e r n i n g  t h e  c o n f i g u r a t i o n  o f  c e r t a i n  2 : 2 * -  
d i s u b s t i t u t e d  d i p h e n y l s , a n d  i n  g e n e r a l  t h e  r e s u l t s  s u p n o r t
t h e  n o n - c o p l a n a r  f o r m .  ( e . g .  Hampson a n d  W o i s s b e r g e r ,
J .  A m er .  Chem. S o c . ,  1 9 3 6 ,  2 1 1 1 ;  Le P e v r e  a n d  V in e  J . ,
1 9 3 8 ,  96 7 )
X  N
Le P e v r e  a n d  Le P e v r e  ( i b i d . ,  1 9 3 6 ,  1130)  m e a s u r e d  t h e  
d i p o l e  moments  o f  u n s y m m e t r i c a l  4 : 4 * - d i s u b s t i t u t e d  d i p h e n y l s  
a n d  c o m p a r e d  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  v a l u e s  f o r  t h e  
c o r r e s p o n d i n g  p a r a  d i s u b s t i t u t e d  b e n z e n e  d e r i v a t i v e  i n  o r d e r  
t o  o b t a i n  i n f o r m a t i o n  c o n c e r n i n g  r e s o n a n c e  i n t e r - a c t i o n  
b e t w e e n  t h e  two r i n g s • I t  was c o n c l u d e d  t h a t  i n  t h e  c a s e  o f  
4 - a m i n o - 4 * - n i t r o d i p h e n y l  some s u c h  i n t e r a c t i o n  b e t w e e n  t h e  
r i n g s  o c c u r s .
Prom  t h e  f o r e g o i n g  r e s u l t s  i t  a p p e a r s  t l i a t  t h e  f o r m e r  
b r o a d  g e n e r a l i s a t i o n s  c o n n e c t i n g  c o n j u g a t i o n  ( a s  i m p l i e d  f r o m  
t h e  u l t r a - v i o l e t  s p e c t r a )  w i t h  c o p l a n a r i t y  o f  t h e  r i n g s  i n  
s u b s t i t u t e d  d i p h e n y l s  m u s t  b e  t r e a t e d  w i t h  some r e s e r v e .
O t h e r  a p p a r e n t  a n o m a l i e s  c o n c e r n i n g  t h e s e  g e n e r a l i s a t i o n s  
h a v e  b e e n  o b s e r v e d .  The a b s o r p t i o n  s p e c t r u m  o f  2 : 2 »- d i m e t h y l -  
d i p h e n y l  shows f e w  o f  t h e  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  
t h a t  o f  d i p h e n y l  ( 0 * S h a u g h n e s s y  a n d  R o d e b u s h ,  l o c .  c i t . ) ;  
h o w e v e r  I n t r o d u c t i o n  o f  4 : 4 » - d i n i t r o  g r o u p s  a l m o s t l y  c o m p l e t e l y  
r e s t o r e s  t h e  d i p h e n y l  c o n j u g a t i o n  b a n d  ( S h e r w o o d  a n d  C a l v i n ,  
i b i d . . 1 9 4 2 ,  1340)
Thus  i t  a p p e a r s  t h a t  i n  c e r t a i n  c a s e s  t h e  i n t e r a c t i o n  
b e t w e e n  a  s u b s t i t u e n t  a n d  t h e  a r o m a t i c  n u c l e u s  can  r e s u l t  i n  
c h a n g e s  i n  t h e  u l t r a - v i o l e t  s p e c t r a  w h i c h  o v e r s h a d o w  t h e  
s t e r i c  e f f e c t s .  I t  h a s  b e e n  shown ( W i l l i a m s o n  and  R o d e b u s h ,
4. G
I b i ^ ,  1 9 4 1 ,  3 01 8 )  t h a t  t h e  a b s o r p t i o n  s p e c t r u m  o f  3 : 3 » -
d i m e t h o x y d i p h a n y l  e x h i b i t s  a  c o n j u g a t i o n  b a n d  o f  l o w e r  
i n t e n s i t y  t h a n  t h a t  o f  d i p h e n y l  a n d  i n  some r e s p e c t s  r e s e m b l e s  
t h e  s p e c t r u m  o f  t h e  c o r r e s p o n d i n g  2 : 2 * -  com pound .
C e r t a i n  d i p h e n y l s  m a i n t a i n e d  i n  a n o n - c o p l a n a r  c o n f i g ­
u r a t i o n  b y  b r i d g i n g  t h e  2 : 2 * -  p o s i t i o n s ,  e x h i b i t  s p e c t r a  
w h i c h  i m p l y  a  c o p l a n a r  s t r u c t u r e  ( B e a v e n ,  H a l l ,  L e s s l i e  a n d  
T u r n e r ,  J . ,  1 9 5 2 ,  8 5 4 ) .
N e i t h e r  t h i s  ph en o m en o n  n o r  t h e  n o n - c o p l a n a r i t y  o f  
c e r t a i n  u n h i n d e r e d  d i p h e n y l s  ( a s  shown b y  e l e c t r o n  d i f f r a c t i o n  
m e a s u r e m e n t s )  c o n f o r m s  w i t h  t h e  o r i g i n a l  t h e o r y  l i n k i n g  t h e  
a b s o r p t i o n  s p e c t r u m  w i t h  t h e  c o n f i g u r a t i o n  o f  t h e  m o l e c u l e .
As a l r e a d y  s t a t e d ,  t h i s  r e q u i r e s  t h a t  c o n j u g a t i o n  b e t w e e n  t h e  
tw o  r i n g s  ( a s  d e d u c e d  f r o m  s p e c t r a  r e s u l t s )  c o u l d  o n l y  e x i s t  
i n  a  c o p l a n a r  o r  n e a r  c o p l a n a r  m o l e c u l e .
Guy ( J .  Chim . P h y s . , 1 9 4 9 ,  ^ , 4 6 9 )  , c l a i m e d  t h a t  
c a l c u l a t i o n s  shov/ t h a t  t h e  a n g l e  b e t w e e n  t h e  r i n g s  i n  a  
d i p h e n y l  compound c o u l d  i n c r e a s e  f r o m  0^  t o  2 2 . 5 ^  w i t h o u t  
r e s o n a n c e  b e i n g  a f f e c t e d .  He h a s  f u r t h e r  c o n c l u d e d  t h a t  
w i t h  a n  i n c r e a s e  o f  t h e  a n g l e  t o  a  v a l u e  b e t w e e n  45^  a n d  6 7 . 5 ^  
( 0 ) ,  t h e  r e s o n a n c e  i n t e r a c t i o n  d e c r e a s e s  t o  p r a c t i c a l l y  z e r o .  
T hus  i f  a  compound a d o p t s  a  p r e f e r r e d  c o n f i g u r a t i o n  i n  w h i c h  
t h e  a n g l e  h a s  a  v a l u e  b e t w e e n  2 2 . 5 °  a n d  e ,  a  h y p s o c l i r o m i c  
s h i f t  o f  t h e  f i r s t  u l t r a - v i o l e t  a b s o r p t i o n  b a n d  v m u ld  b e  
o b s e r v e d ,  t h e  m a g n i t u d e  o f  w h i c h  w o u ld  d e p e n d  on t h e  a n g l e  
a t t a i n e d .  F o r  v a l u e s  o f  t h e  a n g l e  b e t w e e n  t h e  r i n g s  f r o m  0 
t o  9 0 °  Guy s t a t e s  t h a t  t h e  r e s o n a n c e  i s  c o m p l e t e l y  p r e v e n t e d .
4-7
when t h e  o b s e r v e d  s p e c t r u m  w o u ld  b e  t h a t  o f  t h e  p a r t i a l  
b e n z e n o i d  c h r o m o p h o r e s •
S e c t i o n  2 .  R e s u l t s
The  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  w e re  m e a s u r e d  
u s i n g  a  U n ic a m  s p e c t r o p h o t o m e t e r  ( S P / 6 b o ) .
I n  e a c h  c a s e ,  t h e  s o l v e n t  u s e d  was 9 5 ^  e t h y l  a l c o h o l
e s p e c i a l l y  p u r i f i e d  f o r  s p e c t r o s c o p i c  m e a s u r e m e n t s . The
c o n c e n t r a t i o n  o f  t h e  compound i n  t h e  s o l u t i o n  u n d e r
- 4i n v e s t i g a t i o n  was i n  e a c h  c a s e ,  0 . 1 2 5  x  10 g .  m o l e s / l i t r e .
The s o l u t i o n s  w e re  p r e p a r e d  u s i n g  a  d i l u t i o n  t e c h n i q u e .
M e a s u r e m e n t s  o f  t h e  o p t i c a l  d e n s i t y  w e re  f i r s t  c a r r i e d  
o u t  e m p l o y i n g  a  10 mm. c e l l ,  a n d  s u b s e q u e n t l y  c h e c k e d  b y  
u s i n g  a  5 mm. c e l l  t o  e n s u r e  t h a t  maxima a n d  m in im a  w e re  r e a l .
The m a in  f e a t u r e s  o f  t h e  s p e c t r a  m e a s u r e d  a r e  
r e c o r d e d  i n  T a b l e s  I  a n d  I I ,  a n d  i n  F i g s .  I  a n d  I I .  F o r  
p u r p o s e s  o f  c o m p a r i s o n ,  t h e  d a t a  f o r  1 : l * - d i n a p h t h y l - 2 : 2 * -  
d i c a r b o x y l i c  a c i d  h a s  b e e n  i n c l u d e d  ( D r .  D.M. H a l l ,  u n p u b l i s h e d  
r e s u l t s ) .  The a p p r o x i m a t e  v a l u e s  f o r  t h e  f e a t u r e s  o f  t h e  
n e c e s s a r y  r e f e r e n c e  compounds a r e  g i v e n  i n  T a b l e  I I I . I n  t h i s  
t a b l e  t h e  f i g u r e s  h a v e  b e e n  e s t i m a t e d  f r o m  t h e  p u b l i s h e d  
c u r v e s  o f  l o g .  6  a g a i n s t  \  a n d  t h e  i n t e n s i t i e s  a r e  t h e r e f o r e  
s u b j e c t  t o  c o n s i d e r a b l e  e r r o r ,  ( s e e  U l t r a v i o l e t  S p e c t r a  
o f  A r o m a t i c  Com pounds ,  W i l e y  & S o n s ,  I n c . ,  New Y o r k )
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Compound
1 : 1 ' -D inaphthyl 
No. 305.
Shortwave band 
A max, 6max. A min, ér min.
2210 89,000 2490 4300
Table I I I  Reference Compounds.
Conjugation band Longwave band
A max. 6  max. A m in. € min. A max. €  max.
2830 13,3002940 13,000
Solvent
99^
Eton
2:2 ' -D inaphthyl 
No. 309.
2130 40 ,000  2230 20 .000  2340 93,300 2B6o 14,300 3O8O 19,000 93^KtOH
1-Phenylnaphthalene 22Ô0 6 3 ,000  2^10
No. 290.
3830 2890 10,300 c y c lo -
hexane
2 '-M e th y l- l-  
phenylnaphthalene 2230 63 ,000  23OO
No. 291. 3100 2820 8700 c y c lo -hexane
1-N aphthoic acid  
No. 230 .
2-N aphthoic acid  
N o,^231.
Naphthalene 
No. 193.
2200 30,000 2310 790
Not observed  
as band but 
as in crea s in g  
ab sorp tion ,
2330 31,000  2340 2300
2210 9 8 ,000  2330 1120
2940 7800 E ton
2780 70003330 1300
2760 37303120 2300
Eton
99?:
Eton
F i g .  I
F i g .  I I
Key t o  F i g u r e s .
1 : 1 * - D i n a p h t h y l - 5 : 5 *- d i c a r b o x y l i c  a c i d  
1 : 1 * - D i n a p h t h y l - 3 ; 8 * - d i c a r b o x y l i c  a c i d
______ _ l - P h e n y l n a p h t h a l e n e - 5 * - c a r b o x y l i c  a c i d
  l - P h e n y l n a p h t h a l e n e - 2 *- c a r b o x y l i c  a c i d
  • __  5 * - M e t h y l - l - p h e n y l n a p h t h a l e n e - 2 - c a r b o x y l i c  a c i d
* • • • • • •  l - P h e n y l n a p h t h a l e n e - 2 * : 8 - d i c a r b o x y l i c  a c i d
0 - 0
6 - 0  — j
4  0
I '
,  ^ -V " .  - f ,  '
3 5 0 Œ
&0
Jæj: ^o
X
w
4 •o
F i a .  I L
A
/ ^ ■ m  v K m e a
Ë '
,;/% W W ^ : ;
v.I'-a' -V’ '.V'V !'.
2000 2 5 0 0 3 0 0 0 3 5 0 0
S e c t i o n  3 .  D i s c u s s i o n  o f  R e s u l t s *
The s p e c t r a  o f  1 : 1 * - d i n a p h t h y l  a n d  2 : 2 * - d i n a p h t h y l
h a v e  b e e n  d i s c u s s e d  b y  P r i e d e l ,  O r c h i n  a n d  R e g g e l  ( l o c .
c i t . ) .  The i n t e n s e  c o n j u g a t i o n  b a n d  a t  2540 A i n  t h e
s p e c t r u m  o f  u n h i n d e r e d  2 : 2 * - d i n a p h t h y l  i s  n o t  p r e s e n t  i n  t h e
s p e c t r u m  o f  1 : 1 * - d i n a p h t h y l .  The l a t t e r  compound, h o w e v e r ,
shows t r a c e s  o f  r e m a i n i n g  c o n j u g a t i o n  i n  t h a t  i t s  s p e c t r u m
i s  n o t  s i m p l y  t h a t  o f  two n a p h t h a l e n e  r e s i d u e s ;  f i n e
s t r u c t u r e  i s  d i m i n i s h e d  a n d  t h e  minimum i n  n a p h t h a l e n e  a t  
o
2350 A h a s  i n c r e a s e d  i n  i n t e n s i t y  a n d  u n d e r g o n e  a b a t h o -  
c h ro m ic  s h i f t  (2490  A ) .
The s p e c t r u m  o f  1 : 1 * - d i n a p h t h y l - 5 ; 5* - d i c a r b o x y l i c  a c i d  
i s  v e r y  s i m i l a r  t o  t h a t  o f  1 ; 1 * - d i n a p h t h y l .  The p r e s e n c e  o f  
t h e  c a r b o x y l  g r o u p s  r e s u l t s  i n  a  b a t h o c h r o m i c  s h i f t  and  
i n c r e a s e d  I n t e n s i t y  o f  t h e  longw ave  b a n d ,  t o g e t h e r  w i t h  
r e d u c t i o n  i n  f i n e  s t r u c t u r e .  The i n t e n s i t y  o f  t h i s  b a n d  i s  
a b o u t  t w i c e  t h a t  o f  t h e  c o r r e s p o n d i n g  b a n d  i n  1 - n a p h t h o i c  
a c i d  ( H i r s h b e r g  and  J o n e s ,  C a n a d ia n  J .  R e s . ,  1 9 4 9 ,  B 2 7 , 437 ;  
U l t r a v i o l e t  S p e c t r a  o f  A r o m a t i c  Compounds,  W i l e y  & S o n s ,  I n c . ,  
New Y o rk ,  N o .  2 5 0 ) .  I t  i s  f o u n d  t h a t  t h e  i n t e n s i t y  o f  t h e  
s h o r t w a v e  b a n d  i s  l o w e r  t h a n  i n  t h e  s p e c t r u m  o f  1 : 1 * - d i n a p h t h y l .  
T h i s  a nd  t h e  o t h e r  d i s c r e p a n c i e s  b e tw e e n  t h e  s p e c t r a  o f  1 : 1 * -  
d i n a p h t h y l - 5 : 5 * - d i c a r b o x y l i c  a c i d  and  1 : 1 * - d i n a p h t h y l  can  be 
c o r r e l a t e d  w i t h  t h e  d i f f e r e n c e s  i n  t h e  s p e c t r a  o f  1 - n a p h t h o i c
5*4-
a c i d  and  n a p h t h a l e n e *
I n  1 : 1 * - d i n a p h t h y l - 8 : 8 * - d i c a r b o x y l i c  a c i d ,  t h e  l o n g  
wave b a n d  h a s  s h i f t e d  t o  a s t i l l  l o n g e r  w a v e l e n g t h ,  b u t  i t  
i s  l e s s  i n t e n s e  a n d  more f i n e  s t r u c t u r e  r e m a i n s .  The s h o r t ­
wave b a n d  i s  a l s o  r e d u c e d  i n  i n t e n s i t y  com pared  w i t h  t h a t  
i n  t h e  5 : 5 * - d i c a r b o x y l i c  a c i d ,  and  a s u b s i d a r y  maximum on 
t h e  longv;ave  s i d e  i s  o b s e r v e d .  S u ch  a r e d u c t i o n  i n  i n t e n s i t y  
o f  t h e  s h o r t w a v e  b a n d  d o e s  n o t  n e c e s s a r i l y  i n f e r  a more 
c o m p l e t e  l o s s  o f  c o n j u g a t i o n  a c r o s s  t h e  1 : 1 * -  b o n d  t h a n  i n  
t h e  c a s e  o f  1 ; 1 * - d i n a p h t h y l - 5 : 5 * - d i c a r b o x y l i c  a c i d  ( a s  m ig h t  
b e  d e d u c e d  f r o m  t h e  g r e a t e r  o p t i c a l  s t a b i l i t y ) • I t  may be  
c o n n e c t e d  w i t h  p e r i  s u b s t i t u t i o n  i n  n a p h t h a l e n e  s i n c e  a 
s i m i l a r  r e d u c t i o n  i n  i n t e n s i t y  o f  t h e  s h o r t w a v e  b a n d  i s  shown 
b y  1 ; S - d i m e t h y l n a p h t h a l e n e  com pared  w i t h  1 : 5 - d i m e t h y I n a p h t h a l e n e  
( o p .  c i t . . Nos 205 and  2 0 2 ) .
I n  t h e  c a s e  o f  1 : 1 * - d i n a p h t h y l - 2 : 2 * - d i c a r b o x y l i c  a c i d ,  
i t  m ig h t  be  e x p e c t e d  t h a t  c o n j u g a t i o n  would  be r e d u c e d  t o  a  
minimum ov/ing t o  t h e  c o m p l e t e  l a c k  o f  c o p l a n a r i t y  a s  d e d u c e d  
f ro m  t h e  e x c e p t i o n a l  o p t i c a l  s t a b i l i t y .  The s p e c t r u m  h o w e v e r ,  
d o e s  n o t  l e a d  u n e q u i v o c a l l y  t o  t h i s  c o n c l u s i o n .  The s h o r t w a v e  
b a n d  h a s  u n d e r g o n e  a s l i g h t  h y p s o c h r o m ic  s h i f t  com pared  t o  t h e  
b a n d  o f  2 - n a p h t h o i c  a c i d  ( o p .  c i t . . No 2 5 1 ) ,  a l t h o u g h  t h e  
i n t e n s i t y  i s  a l m o s t  d o u b l e  t h a t  o f  t h e  b a n d  i n  t h e  n a p h t h a l e n e  
p a r t i a l  c i i ro m o p h o re . The i n c r e a s e d  f i n e  s t r u c t u r e  com pared  t o  
t h a t  o f  1 : 1 * - d i n a p h t h y l - 5 : 5 * - d i c a r b o x y l i c  a c i d  i s  c o m p a r a b l e  t o  
t h a t  o b s e r v e d  w i t h  2 - n a p h t h o i c  and  1 - n a p h t h o i c  a c i d s .
The s p e c t r a  o f  t h e  p h e n y l n a p h t h a l e n e  s e r i e s  m e a s u re d  
show d i f f e r e n c e s  f ro m  t h a t  o f  p h e n y l n a p h t h a l e n e  wii ich  a r e ,  
i n  g e n e r a l ,  c o n s i s t e n t  v ; i t h  t h e  a n t i c i p a t e d  e f f e c t s  o f  t h e  
s u b s t i t u e n t s  on t h e  s p e c t r a  o f  t h e  p a r e n t  c o m p o u n d s ( H i r s h b e r g  
an d  J o n e s ,  l o c . c i t . ) and  on t h e  s t e r i c  h i n d r a n c e  t o  c o p l a n ­
a r i t y  a c r o s s  t h e  1 : 1 * -  b o n d s  ( P r i e d e l ,  O r c h in  and  R e g g e l ,  
l o c  . c i t . ) .
I n  1 - p h e n y l n a p h t h a l e n e  some c o n j u g a t i o n  r e m a i n s  ( i b i d . , 
l o c  . c i t . )  . S u b s t i t u t i o n  o f  a m e t h y l  g ro u p  i n  t h e  2 * -  
p o s i t i o n  c a u s e s  a chang e  i n  t h e  s p e c t r u m  o f  t h e t y p e  a s s o c ­
i a t e d  w i t h  a d e c r e a s e  i n  c o n j u g a t i o n ,  i . e .  a h y p s o c h r o m ic  
s h i f t ,  d e c r e a s e s  i n  i n t e n s i t y  and  l o s s  o f  f i n e  s t r u c t u r e .
The s p e c t r u m  o f  1 - p h e n y l n a p h t h a l e n e -2  *- c a r b o x y l i c  a c i d  
shows a r e s e m b l a n c e  t o  t h a t  o f  2 *- m e t h y l - l - p h e n y l n a p h t h a l e n e , 
p r o b a b l y  i n d i c a t i n g  a s i m i l a r  a m o u n t^ o f  s t e r i c  h i n d r a n c e .
■ When t h e  c a r b o x y l  g ro u p  i s  s u b s t i t u t e d  i n  t h e  3 * -  p o s i t i o n  
t h e  i n c r e a s e  i n  t h e  i n t e n s i t y  o f  b o t h  t h e  l o n g  a n d  s h o r t w a v e  
b a n d s ,  t o g e t h e r  v / i t h  t h e  d e c r e a s e  i n  f i n e  s t r u c t u r e  i n d i c a t e s  
t h a t  a c e r t a i n  amount o f  c o n j u g a t i o n  h a s  r e t u r n e d .
The i n t e r p r e t a t i o n  o f  t h e  s p e c t r a  o f  1 - p h e n y l n a p h t h a l e n e -  
2 * : 8 - d i c a r b o x y l l c  a c i d  and  3 * - m e t h y l - l - p h e n y l n a p h t h a l e n e - 2 -  
c a r b o x y l i c  a c i d  i s  c o m p l i c a t e d  b y  t h e  a d d i t i o n a l  s u b s t i t u e n t s  
p r e s e n t .  On thejwhole w i t h  t h e  f o r m e r  compound t h e r e  a p p e a r s  
t o  be  a  l a r g e  c o n t r i b u t i o n  f r o m  t h e  2 - n a p h t h o i c  a c i d  p a r t i a l  
c h ro m o p h o re ,  n o t  i n c o n s i s t e n t  w i t h  a p r e d i c t a b l e  l a c k  o f  
c o n j u g a t i o n .  W i th  3 * - m e t h y l - l - p h e n y l n a p h t h a l e n e - 2 - c a r b o x y l i c
a c i d  h o v æ v e r ,  t h e  low b a n d  i n t e n s i t i e s  and  t h e  sh o r tv /av e  
s h i f t  and  i n f l e c t i o n  o f  t h e  longv/ave b a n d  seems anom alous  
when t h e  c o m p l e t e  l a c k  o f  o p t i c a l  a c t i v i t y  i n  t h i s  compound 
i s  c o n s i d e r e d .
I n  g e n e r a l  t h r o u g h o u t  t h i s  s e r i e s ,  t h e r e  i s  p o o r  
c o r r e l a t i o n  be tv /een  t h e  r e l a t i v e  d e g r e e  o f  c o n j u g a t i o n  
a c r o s s  t h e  1 : 1 * - b o n d ,  a s  i n f e r r e d  f ro m  t h e  s p e c t r a  and  t h e  
r e l a t i v e  o p t i c a l  s t a b i l i t i e s  o f  t h e  a c t i v e  i s o m e r s .  T h i s  
s t a b i l i t y  seems t o  be  d e t e r m i n e d  b y  t h e  g r o s s  s t e r i c  h i n d r a n c e  
t o  c o p l a n a r i t y  a c r o s s  t h e  1 : 1 * -  b o n d ,  i n  t e r m s  o f  t h e  number 
a n d  l o c a t i o n  o f  t h e  a d j a c e n t  s u b s t i t u e n t  g r o u p s .  The 
s e c o n d a r y  e f f e c t s  o f  t h e  s u b s t i t u e n t s  on t h e  c o n j u g a t i o n  and  
h e n c e  on t h e  l e n g t h  o f  t h i s  b o n d ,  do n o t  a p p e a r  t o  h a v e  a n y  
f u r t h e r  I n f l u e n c e  on t h e  e a s e  o f  r o t a t i o n  a b o u t  i t .  T h i s  
c o n c l u s i o n  i s  c o n t r a r y  t o  t h e  v iew  t a k e n  b y  C a l v i n  ( l o c . c i t . ) ,  
v;ho h a s  s u g g e s t e d  t h a t  t h e  s h o r t e n i n g  o f  t h e  1 : 1 * -  bond  i n  
d i p h e n y l  b y  r e s o n a n c e  i n t e r a c t i o n  o f  t h e  a p p r o p r i a t e  4 : 4 * -  
s u b s t i t u e n t s  may be an i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  o p t i c a l  
s t a b i l i t y .  The l a c k  o f  c o r r e l a t i o n  b e tw e e n  t h e  s p e c t r a  and  
o p t i c a l  s t a b i l i t i e s  o f  t h e  compounds u n d e r  d i s c u s s i o n  may 
p e r h a p s  be  a s s o c i a t e d  w i t h  t h e  p o s s i b i l i t y  t h a t  some o f  t h e  
compounds h a v e  n o n - c o p l a n a r  g round  s t a t e s  a n d  c o p l a n a r  e x c i t e d  
s t a t e s  ( c . f .  B r a u d e ,  S o n d he im er  a n d  F o r b e s ,  N a t u r e , 1 95 4 ,  1 7 5 , 
1 1 7 ) ,  so t h a t  t h e  s u b s t i t u e n t s  a f f e c t  t h e  s p e c t r a  b y  a l t e r i n g  
t h e  t r a n s i t i o n  p r o b a b i l i t i e s  f o r  t h e  e x c i t e d  s t a t e  ( a n d  h e n c e  
t h e  i n t e n s i t y  o f  t h e  s p e c t r a ) , and  have  l i t t l e  i n f l u e n c e  on t h e  
g r o u n d  s t a t e s .
f /
FART I I I ,
EXPERIMENTAL•
S y n t h e t i c  Work and  S t e r e o c h e m i c a l  E x a m i n a t i o n s .
A l l  r o t a t i o n s  w ere  d e t e r m i n e d  u s i n g  a  2 dcm. p o l a r i m e t e r  
t u b e  u n l e s s  o t h e r w i s e  s t a t e d . F o r  w ork  i n  w h ic h  t e m p e r a t u r e  
c o n t r o l  was r e q u i r e d ,  a p o l a r i m e t e r  t u b e  f i t t e d  v / i t h  a m e t a l  
j a c k e t  was e m p lo y e d .  The t e m p e r a t u r e  was m a i n t a i n e d  a t  a 
c o n s t a n t  v a l u e  b y  r a p i d l y  pum ping  v /a te r  f ro m  an e l e c t r i c a l l y  
h e a t e d  t h e r m o s t a t  t h r o u g h  t h e  j a c k e t . C a l i b r a t e d  t h e r m o m e t e r s  
were  p l a c e d  i n  t h e  i n l e t  a n d  o u t l e t  c i r c u i t s  o f  t h e  s y s t e m .
The s o l u t i o n  i n  t h e  p o l a r i m e t e r  t u b e  was m a i n t a i n e d  a t  a 
c o n s t a n t  t e m p e r a t u r e  d t  0 . 1 ° .
I n  t h e  e x p e r i m e n t s  c a r r i e d  o u t  a t  t e m p e r a t u r e s  b e lo w  20°  
w a t e r  v;as c i r c u l a t e d  t h r o u g h  t h e  j a c k e t  f ro m  a l a g g e d  r e f r i g ­
e r a t o r  u n i t  s u p p l i e d  w i t h  a t e m p e r a t u r e  c o n t r o l .  The t e m p e r ­
a t u r e  v/as m a i n t a i n e d  a t  a  c o n s t a n t  v a l u e  ±  1*^.
The m e r c u r y  g r e e n  l i n e  A - 5461 was u s e d  t h r o u g h o u t .  
U n l e s s  o t h e r w i s e  s t a t e d ,  t h e  c h l o r o f o r m  u s e d  a s  a s o l v e n t  i n  
p o l a r i m e t r i c  work  was t h e  c o m m e r c ia l  p r o d u c t .
P u r i f i c a t i o n  o f  A l k a l o i d s .
( i )  B r u c i n e .
The c o m m e r c ia l  p r o d u c t  was p u r i f i e d  f o l l o w i n g  t h e  method 
o f  T u r n e r ,  ( £ . ,  1 9 5 1 ,  8 4 2 ) .  B .D .H .  b r u c i n e  v/as r e c r y s t a l l i s e d  
f r o m  w a t e r ,  t h ^ c r y s t a l l i n e  t e t r a h y d r a t e  d r i e d  i n  a i r ,  d i s s o l v e d  
i n  c h l o r o f o r m  and  t h e  s o l u t i o n  d r i e d  o v e r  a n h y d ro u s  sod ium
s s
s u l p h a t e *  The s o l u t i o n  was p o u r e d  i n t o  d r y  l i g h t  p e t r o l e u m
( h . p *  4 0 - 6 0 ° ) ,  t h e  p r e c i p i t a t e d  s o l i d  f i l t e r e d  o f f  a n d  d r i e d
t o  c o n s t a n t  v / e i g h t  a t  1 0 0 ° / 5  mm* o v e r  p h o s p h o r u s  p e n t o x i d e .
20
d u c t  h a d  rn .p .  177-9 '^  a n d  I
£
( c % l ) .
The p r o - 9 [«C  - 1 4 5 °  i n  c h l o r o f o r m
-*5461
H 20 q
- 1 4 9 . 9  ( c - 1 )
5 46 1r n .p .  1 7 8 - 9 ° .
( i i )  G i n c h o n i d i n e .
The c o m m e r c i a l  p r o d u c t  was r e c r y s t a l l i s e d  f r o m  a l c o h o l
r ^  So o o
a n d  was f o u n d  t o  h a v e  loC I - 1 1 0  , r n .p .  203  .
L J  5461
M e th o d s  E m p l o y e d .
I n  c a r r y i n g  o u t  a  f i r s t  o r d e r  a s y m m e t r i c  t r a n s f o r m a t i o n  
i n  w h i c h  a  s m a l l  m u t a r o t a t i o n  m i g h t  t a k e  p l a c e  r a p i d l y ,  i t  was 
n e c e s s a r y  t o  e n s u r e  t h a t  a r e a d i n g  o f  t h e  o b s e r v e d  a n g l e  be  
made a s  q u i c k l y  a s  p o s s i b l e  a f t e r  w e t t i n g  t h e  a c i d  a n d  t h e  
a l k a l o i d .
The  a l k a l o i d  a n d  t h e  a c i d  v/ere  v /e ig h e d  o u t  i n  s e p a r a t e  
w e i g h i n g  b o t t l e s  a n d  a s m a l l  vo lum e  o f  c h l o r o f o r m  (v /h ic h  h a d  
b e e n  a l l o w e d  t o  s t a n d  i n  t h e  t h e r m o s t a t )  a d d e d  t o  e a c h .  When 
t h e  s o l i d s  h a d  d i s s o l v e d ,  one  s o l u t i o n  was i n t r o d u c e d  i n t o  t h e  
g r a d u a t e d  f l a s k ,  t h e  o t h e r  s o l u t i o n  was r a p i d l y  a d d e d  a n d  a t  
t h e  same t i m e  a  s t o p  c l o c k  s t a r t e d .  The s o l u t i o n  was made up  
t o  t h e  g r a d u a t i o n  m a rk  w i t h  more c h l o r o f o r m ,  h o m o g e n i t y  b e i n g  
e n s u r e d  b y  t h o r o u g h  s h a k i n g .  The  r e s u l t i n g  s o l u t i o n  was 
f i l t e r e d  d i r e c t l y  i n t o  t h e  p o l a r i m e t e r  t u b e .
U s i n g  t h i s  m e th o d  t h e f i r s t  r e a d i n g  o f  t h e  o b s e r v e d  a n g l e  
c o u l d  b e  made f r o m  1-^ — 2 m i n u t e s  a f t e r  m i x i n g .
f ?
I n  some c a s e s  i n  w h i c h  t h e  a c i d  p r o v e d  d i f f i c u l t l y  
s o l u b l e  i n  c h l o r o f o r m ,  s o l u t i o n  was b r o u g h t  a b o u t  b y  s h a k i n g  
t h e  s o l i d  a c i d  w i t h  a  c h l o r o f o r m  s o l u t i o n  o f  t h e  a l k a l o i d .
F r e q u e n t l y  o n l y  a  s m a l l  araoi:|tn^ o f  t h e  i n a c t i v e  a c i d  
was a v a i l a b l e  i n  o r d e r  t o  o b t a i n  t h e  a c t i v e  a l k a l o i d - a c i d  
s a l t  b y  s e c o n d  o r d e r  a s y m m e t r i c  t r a n s f o r m a t i o n  o r  b y  r e s o l u t i o n *  
B o t h  i n  t h i s  c a s e  a n d  when i s o l a t i n g  t h e  a c t i v e  a c i d  f r o m  an  
a l k a l o i d a l  s a l t ,  f i l t r a t i o n s  w e re  c a r r i e d  o u t  on s i n t e r e d  
g l a s s  c r u c i b l e s  ( G r a d e  4 ) ,  a n d  a  n o r m a l  g r a v i m e t r i c  t e c h n i q u e  
was a d o p t e d .
ù>o
P r e p a r a t i o n  o f  l - P h e n y l n a p h t h a l e n e - 2 *- c a r b o x y l i c  A c i d .
M e t h y l  o - i o d o b e n z o a t © .
W a c h t e r ,  B e r . , 1 8 9 3 ,  2 ^  1744 
A n t h r a n i l i c  a c i d  ( 5 4 . 8  g . , 1 m o l . )  was s u s p e n d e d  i n  10^
s u l p h u r i c  a c i d  (5 4 0  m l . )  a n d  an  a q u e o u s  s o l u t i o n  o f  so d iu m
n i t r i t e  ( 2 7 . 5  g . , 1 m o l . )  s l o v / l y  a d d e d .  The t e m p e r a t u r e  o f
t h e  r e a c t i o n  v/as m a i n t a i n e d  b e tv / e e n  0 a n d  5 ° .  on c o m p l e t i o n
o f  t h e  a d d i t i o n ,  t h e  c o l d  s o l u t i o n  o f  t h e  d i a z o n i u m  s a l t  was
s l o w l y  a d d e d  w i t h  s t i r r i n g  t o  a  s o l u t i o n  o f  p o t a s s i u m  i o d i d e
( l o o  g . , 1 . 5  m o i s . )  i n  1 0 ^  s u l p h u r i c  a c i d  ( 1 2 0  m l . )  The
r e a c t i o n  was c o m p l e t e d  b y  h e a t i n g  on a w a t e r - b a t h  f o r  tv/o h o u r s .
The  c r u d e  o - i o d o b e n z o i c  a c i d  was f i l t e r e d  o f f ,  w a sh e d  a n d  d r i e d ,
a n d  e s t e r i f i e d  v / i t h o u t  f u r t h e r  p u r i f i c a t i o n  b y  b o i l i n g  w i t h
m e t h y l  a l c o h o l  ( 1 . 1 3 . 1 . )  a n d  c o n c e n t r a t e d  s u l p h u r i c  a c i d
( 4 3 . 7  g . )  f o r  f i v e  h o u r s .
M e t h y l  o - i o d o b e n z o a t e  ( 8 1  g . , 7 7 ^ )  was o b t a i n e d  b y
d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  b . p .  1 3 3 - 4 ^ / 1 1  ram.
1 - I o d o n a p h t h a l e n e .
1 - A m i n © n a p h t h a l e n e  ( 5 2  g . ,  1 m o l . )  was s u s p e n d e d  i n  d i l u t e  
h y d r o c h l o r i c  a c i d  a n d  d i a z o t i s e d  b y  a d d i n g  an  a q u e o u s  s o l u t i o n  
o f  s o d i u m  n i t r i t e  ( 2 6 . 5 g . , 1 m o l . )  a t  0 - 5 ° .  The s o l u t i o n  o f  
t h e  d i a z o n i u m  s a l t  v/as s l o w l y  a d d e d  v / i t h  s t i r r i n g  t o  a  s o l u t i o n  
o f  p o t a s s i u m  i o d i d e  ( 8 5 g . , 1 . 3  m o l . )  i n  w a t e r  (2 0 0  m l . ) . The 
r e a c t i o n  was c o m p l e t e d  b y  h e a t i n g  on a v / a t e r - b a t h  f o r  o n e  h o u r .  
F r e e  i o d i n e  v/as r em o v e d  b y  a d d i t i o n  o f  a  l i t t l e  so d iu m  
m e t a b i s u l p h i t e  t o  t h e  r e a c t i o n  m i x t u r e ,  when c r u d e  1 - i o d o -
(=>1
n a p h t h a l e n e  was o b t a i n e d  b y  s t e a m  d i s t i l l a t i o n .
P u r e  l - i o d o n a p h t h a l e n e  (5 5  g . ,  6 0 ^  ) was o b t a i n e d  by
d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  b . p .  1 6 4 ^ /  19 mm.
l - P h e n y l n a p h t h a l e n e - 2 *- c a r b o x y l i c  A c i d .
The  a c i d  was o b t a i n e d  b y  a  m o d i f i c a t i o n  o f  t h e  m e th o d  
o f  B a d d a r  an d  W a r r e n ,  J . ,  1 9 5 8 ,  4 0 1 .
F r e s h l y  p r e c i p i t a t e d  c o p p e r  p ow d e r  ( 5 0  g . , 3 . 2  a t o m s ) ,  
( o b t a i n e d  b y  t h e  m e th o d  o f  D a v ey  a n d  L a t t e r ,  J . ,  1 9 4 8 ,  264)  
was a d d e d  g r a d u a l l y  t o  a s t i r r e d  m i x t u r e  o f  l - i o d o n a p h t h a l e n e  
( 3 7 . 5 g . ,  I m o l . )  a n d  m e t h y l  o - i o d o b e n z o a t e  ( 3 8 . 7 g . , I m o l . )  
c o n t a i n e d  i n  a  h a r d  g l a s s  t u b e  im m e rsed  i n  a m e t a l  b a t h .  The 
t e m p e r a t u r e  o f  t h e  r e a c t i o n  was n o t  a l l o w e d  t o  e x c e e d  2 9 0 ° ,  
a n d  when t h e  a d d i t i o n  o f  t h e  c o p p e r  was c o m p l e t e ,  t h e  r e a c t i o n  
m i x t u r e  was m a i n t a i n e d  a t  t h i s  t e m p e r a t u r e  f o r  o n e  h o u r . The 
t e m p e r a t u r e  v/as t h e n  a l l o w e d  t o  d r o p  ‘t o  150°  when t h e  p a s t e  
o b t a i n e d  was t h o r o u g h l y  e x t r a c t e d  w i t h  o -  d i c h l o r o b e n z e n e . The 
s o l v e n t  was r e m o v e d  f r o m  t h e  e x t r a c t  b y  d i s t i l l a t i o n  a n d  t h e  
r e s i d u e  was h y d r o l y s e d  b y  b o i l i n g  w i t h  an  a l c o h o l i c  s o l u t i o n  
o f  p o t a s s i u m  h y d r o x i d e  (1 6  g . )  f o r  tv/o h o u r s .  The a l c o h o l  was 
d i s t i l l e d  o f f  a n d  t h e  s o l i d  r e s i d u e  was e x t r a c t e d  w i t h  w a t e r . 
The a q u e o u s  s o l u t i o n  v/as e x t r a c t e d  w i t h  b e n z e n e  t o  rem ove  
n e u t r a l  compounds a n d ^ h e n  a c i d i f i e d  v / i t h  d i l u t e  h y d r o c h l o r i c  
a c i d .  The m i x t u r e  o f  a c i d s  w h i c h  was p r e c i p i t a t e d  was 
e x t r a c t e d  w i t h  c o l d  b e n z e n e .  D i p h e n i c  a c i d  r e m a i n e d  u n ­
d i s s o l v e d  a n d  v/as f i l t e r e d  o f f .  The f i l t r a t e  was b o i l e d  w i t h  
c h a r c o a l  a n d  e v a p o r a t e d  t o  d r % m e s s . The  o i l y  r e s i d u e  was
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d i s s o l v e d  i n  b o i l i n g  m e t h y l  a l c o h o l  (2 0  m l . ) .  On c o o l i n g  a  
l i g h t  brovm s o l i d  ( 4 . 8 g . ,  13^ )  o f  rn .p .  1 5 2 - 9 °  was o b t a i n e d .
The s o l i d  was r e c r y s t a l l i s e d  t w i c e  f r o m  m e t h y l  a l c o h o l  a nd  
a  f u r t h e r  t h r e e  t i m e s  f r o m  l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° ) .
l - P h e n y l n a p h t h a l e n e  ( 3 . 7 g . ,  10^)  v/as o b t a i n e d  a s  a  
c o l o u r l e s s  s o l i d ,  c r y s t a l l i s i n g  i n  r e c t a n g u l a r  p l a t e s  o f  
r n .p .  1 5 9 . 5 - 1 6 1 ° .
( P o u n d :  C, 8 1 . 7 ;  H , 4 . 7 .  C a l c ,  f o r  C pY ^gO g:  C, 8 2 . 2 ;  H , 4 . 9 ^ )
The r e a c t i o n  was c a r r i e d  o u t  u s i n g  c o m m e r c i a l  c o p p e r -  
b r o n z e  i n  p l a c e  o f  t h e  p r e c i p i t a t e d  c o p p e r  p o v /d e r ; no s i g n i f ­
i c a n t  c h an g e  i n  y i e l d  was o b s e r v e d .
Q u a l i t a t i v e  F i r s t  O r d e r  A sy m m etr ic  T r a n s f o r m a t i o n s  o f  
l - P h e n y l n a p h t h a l e n e - 2 *- c a r b o x y l i c  a c i d  w i t h ; -
( a )  B r u c i n e ;
A s o l u t i o n  o f  t h e  a c i d  ( 0 . 2 0 2 0 g . , I m o l . )  a nd  b r u c i n e  
( 0 . 3 2 0 6 g . , I m o l . )  i n  c h l o r o f o r m  ( 2 5 m l . )  m u t a r o t a t e d  t h r o u g h  
+• 0 . 0 7 ° .
(b )  C i n c h o n i d i n e ;
A s o l u t i o n  o f  t h e  a c i d  ( 0 . 1 9 6 1 g . ,  I m o l . )  a n d  c i n c h o n i d i n e  
( 0 . 2 3 3 4 g . ,  I m o l . )  i n  c h l o r o f o r m  ( 2 5 m l . )  m u t a r o t a t e d  t h r o u g h  
- 0 . 1 4 ° .
( o) Q u x n i d i n e ;
A s o l u t i o n  o f  t h e  a c i d  ( 0 . 2 0 1 4 g . ,  I m o l . )  and  q u i n i d l n e
( 0 . 2 6 2 7 g . ,  I m o l . )  l i ^ h l o r o f o r m  ( 2 5 m l . )  m u t a r o t a t e d  t h r o u g h
+ 0 .10°.
I n  t h e  f o r e g o i n g  e x p e r i m e n t s  no  t e m p e r a t u r e  c o n t r o l  was e m p lo y e d .
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Q u a n t i t a t i v e  F i r s t  O r d e r  A s y m m e tr i c  T r a n s f o r m a t i o n s ;
( a )  • W i t h  B r u c i n e ;
A s o l u t i o n  o f  t h e  a c i d  { 0 . 1 5 4 6 g . ,  I m o l . )  a n d  a n h y d r o u s  
b r u c i n e  ( 0 . 2 4 5 5 g . ,  I m o l . )  was p r e p a r e d  i n  c h l o r o f o r m  ( 2 0 m l . )
The s o l u t i o n  was e x a m in e d  p o l a r I m e t r i c a l l y  a t  2 0 ° ,  a n d  t h e  
f i r s t  r e a d i n g  o f  t h e  o b s e r v e d  a n g l e  was t a k e n  1 . 6  m i n s . a f t e r  
t h e  s o l i d  h a d  b e e n  w e t t e d .  The r o t a t i o n  c h a n g e d  f r o m  - 0 . 4 0 °  
t o  -  0 . 3 1 °  d u r i n g  4 m i n s .  ( T a b l e  1 . )
A d u p l i c a t e  e x p e r i m e n t  v/as c a r r i e d  o u t ,  a n d  a l t h o u g h  t h e  
m u t a r o t a t i o n  was t o o  s m a l l  a n d  t h e  t i m e  o f  c h an g e  t o o  r a p i d  
t o  o b t a i n  an  a c c u r a t e  v a l u e  f o r  t h e  r a t e  o f  m u t a r o t a t i o n ,  
a  l o g .  p l o t  o f  t h e  c o m b in e d  r e a d i n g s  ( f i g .  1 ) v/as c o n s i s t e n t  
v / i t h  a k  s u b s t a n t i a l l y  i n  a g r e e m e n t  w i t h  t h e  more a c c u r a t e  
v a l u e  d e r i v e d  f r o m  t h e  s e c o n d  o r d e r  a s^ rm m etr ic  t r a n s f o r m a t i o n .
( b)  W i t h  C i n c h o n i d i n e ;
A s o l u t i o n  o f  t h e  a c i d  ( 0 . 2 4 6 2 g . , I m o l . )  a n d  c i n c h o n i d i n e  
( 0 . 2 9 4 2 g . ,  I m o l . )  was p r e p a r e d  i n  c h l o r o f o r m  ( 2 0 m l . )  a t  2 0 ° .
The s o l u t i o n  was e x a m in e d  p o l a r i m e t r i c a l l y ,  a n d  t h e  c h a n g e  
o f  t h e  o b s e r v e d  a n g l e  w i t h  t i m e  r e c o r d e d  ( T a b l e  2 . ) .  As 
w i t h  t h e  a c t i v a t i o n  v / i t h  b r u c i n e ,  a n  a c c u r a t e  v a l u e  f o r  t h e  
r a t e  o f  m u t a r o t a t i o n  c o u l d  n o t  b e  o b t a i n e d ,  b u t  a  l o g .  p l o t  
o f  t h e  r e a d i n g s  ( f i g .  2) was c o n s i s t e n t  w i t h  a  k  o b t a i n e d  
f r o m  t h e  m u t a r o t a t i o n  o f  t h e  s a l t  o b t a i n e d  b y  s e c o n d  o r d e r  
a s y m m e t r i c  t r a n s f o r m a t i o n .
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m u t a r o t a t i o n  O F  B R U C I N E  
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« /  A
/
O
F
o
BOTH IN CHLOROFORM AT 2 0 .
2
TI ME ( m i n ?)
T a b l e  1 .
F i r s t  O r d e r  A s y m m e t r i c  T r a n s f o r m a t i o n  o f  l - P h e n y l n a p h t h a l e n e -  
2 ^ - c a r b o x y l i c  A c i d  w i t h  B r u c i n e  i n  C h l o r o f o r m  a t  2 0 ^ .
T ime a f t e r  
w e t t i n g ,  ( m i n . )
20
^  5 4 6 1
k  m i n . " ^
1 s t .  E x p e r i m e n t .
1 . 6 — 0 .40 2 . 9 5 4 2 -
2 . 2 -  0 . 3 5 2 . 6 0 2 1 1 . 3 5
2 . 7 5 -  0 . 3 3 2 . 3 0 1 0 1 . 3 1
3 . 5 -  0 . 3 2 2 . 0 0 0 0 1 . 1 6
4 . 1 — 0 . 3 1 - -
1 0 . 0 -  0 . 3 1 - -
OO — 0 . 3 1 - -
2 n d .  E x p e r im em t .
2 . 0 -  0 . 3 7 2 . 7 7 8 2 -
2 . 6 — 0 .3 4 2 . 4 7 7 1 1 . 1 5
3 . 1 -  0 . 3 3 2 . 3 0 1 0 1 . 0 0
4 . 2 — 0 . 3 1 - -
8 . 5 — 0 . 3 1 - -
o O — 0 .3 1 - -
C O O H
F i r s t  o r d e r
ASYMMETRIC TRANSFORMATION 
WI TH CINCHONIDINE
m u t a r o t a t i o n  o f  
THE CINCHONIDINE - ACID SALT
0  5
I
I
bOTH IN CHLOROFORM AT 2 0
TIME ( min!)
T a b le  2 .
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Time a f t e r  
w e t t i n g ,  ( m i n s . )
20 °
5461 ^  ^  5461
l o g . K - ; ^
1 . 0 5 +  4 . 1 8 +  1 5 5 .3 1 .1 4 6 1
1 . 5 4+ 4 . 2 6 +  137 .9 2 .7 7 8 2
2 . 0 +. 4 .30 +  1 3 9 .2 2 .3 0 1 0
2 . 8 +  4 . 3 2 +  1 3 9 .8 -
4 . 1 + 4 . 3 2 +  1 3 9 . 8 -
5 . 0 +  4 . 3 2 +  1 3 9 .8 —
OO +  4 . 3 2 +  1 3 9 . 8 -
S econd  O r d e r  A sym m etr ic  T r a n s f o r m a t i o n  o f  t h e  B r u c i n e  S a l t  o f  (4>). 
l - P h e n y l n a p h t h a l e n e - 2  *- c a r b o x y l i c  A c id  f rom  A c e to ne  »
l - P h e n y l n a p h t h a l a n e - 2 ’ - c a r b o x y l i c  a c i d  ( l , 5 0 3 1 g . ,  I m o l . )  
and  a n h y d ro u s  b r u c i n e  ( 2 . 5 1 0 0 g . ,  I m o l . )  were  d i s s o l v e d  in  
b o i l i n g  a c e t o n e  ( l O O m l . ) .  The s o l u t i o n  was f i l t e r e d  w h i l e  
h o t ,  a nd  t h e  f i l t r a t e  e v a p o r a t e d  t o  a b o u t  3 0 m l . .  The 
c r y s t a l l i n e  s o l i d  w h ic h  s e p a r a t e d  was f i l t e r e d  o f f ,  washed 
w i t h  a c e t o n e  and d r i e d  i n  vacuum. The y i e l d  o f  3 . 6 6 g .  
r e p r e s e n t e d  9 1 ^  o f  t h e  t o t a l  w e ig h t  o f  s o l i d  t a k e n .  M .p .  105^
( d e c o m p . ) •
(Pound :  C, 7 3 . 2 ;  H , 6 . 1 .  OgNg r e q u i r e s  C, 7 4 . 8 ;  H , 6 .0 ^ )
The m u t a r o t a t i o n  o f  t h e  s a l t  i n  c h l o r o f o r m  was f o l lo v / e d  
t v f i c e . I n  e a c h  e x p e r i m e n t  t h e  b r u c i n e  s a l t  ( Q .4 G l0 g . )  was 
d i s s o l v e d  i n  c h l o r o f o r m  ( 2 0 m l . ) , and  t h e  s o l u t i o n  exam ined
p o l a r i m e t r i c a l l y  a t  20 • Prom t h e  r e s u l t s  ( T a b l e  3 . )  a
- 1
l o g .  p l o t  was made ( f i g .  1) and  an a v e r a g e  v a l u e  o f  k  1 . 1 3  mins 
was o b t a i n e d ,  whence t h e  h a l f  l i f e  i s  0 . 6  m i n s . .
Second  O rd e r  A sym m etr ic  T r a n s f o r m a t i o n  o f  t h e  C i n c h o n i d i n e  
S a l t  o f  l - P h e n y l n a p h t h a l e n e - 2 * - c a r b o x y l i c  Acid f ro m  Acet o n e .
The a c i d  ( 0 . 2 4 6 2 g . ,  I m o l . )  and  c i n c h o n i d i n e  ( 0 . 2 9 4 2 g . ,
I m o l . )  were  d i s s o l v e d  i n  b o i l i n g  a c e t o n e  ( 2 5 m l . ) . The 
s o l u t i o n  was f i l t e r e d  w h i l e  h o t  and  t h e  c o l o u r l e s s  c r y s t a l l i n e  
s o l i d  w h ic h  was d e p o s i t e d  on c o o l i n g  was f i l t e r e d  o f f ,  w ash ed ,  
and  d r i e d  i n  vacuum . The y i e l d  o f  0 . 4 2 5 g .  r e p r e s e n t e d  77^  
o f  t h e  t o t a l  s o l i d  t a k e n .  M .p .  150^ ( d e c o m p . ) .
(Pound :  C, 7 9 . 7 ;  H , 6 . 3 .  r e q u i r e s  0 , 7 9 . 0 ;  E , 6 . 3 # )
The s a l t  ( 0 . 3 0 9 0 g . )  was d i s s o l v e d  i n  c h l o r o f o r m  ( 2 0 m l . ) ,
and  t h e  s o l u t i o n  e xam in ed  p o l a r i m e t r i c a l l y  a t  2 0 ° .  R e a d in g s
o f  t h e  o b s e r v e d  a n g l e  w i t h  t i m e  were  r e c o r d e d  ( T a b l e  4 . ) .
A l o g .  o l o t  o f  t h e  r e s u l t s  v/as made ( f i g . 2) and  a  v a l u e  o f  
- 1
k  1 . 3 2  m i n s .  was o b t a i n e d  whence t h e  h a l f  l i f e  i s  0 . 5  m i n s . .
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T a b l e  3 .
M u t a r o t a t i o n  o f  t h e  B r u c i n e  S a l t  o f  ( + ) - l - P h e n y l n a p h t h a l e n e -  
2 < - c a r b o x y l i c  A c id  i n  C h l o r o f o r m  a t  2 0 ° .
dîime a f t e r  
w e t t i n g ,  ( m i n . )
•i-
20
oC
5461
- 1
k  m in .
1 s t .  E x p e r i m e n t  
1 . 7 5 •+0 .03 1 . 5 4 4 1
2 . 2 - 0 . 1 0 1 . 3 4 2 4 1 .0 3
2 . 7 - 0 . 2 0 1 . 0 7 9 2 1 . 1 3
3 . 3 —0 .26 2 . 7 7 8 2 1 . 1 4
4 . 1 - 0 . 3 0 2 . 3 0 1 0 1 .2 2
4 . 7 5 —0 .31 2 . 0 0 0 0 1 . 1 8
1 2 .0 - 0 . 3 2 - -
oo - 0 . 3 2 - -
2 n d .  E x p e r i m e n t m
2 . 1 - 0 . 0 5 1 .4 3 1 4
3 . 3 —0 .25 2 . 8 4 5 1 1 . 1 3
3 . 8 - 0 . 2 8 2 . 6 0 2 1 1 .1 2
4 . 4 5 - 0 . 3 0  , . 2 .3 0 1 0 1 . 1 1
1 1 . 0 —0 . 3 2 - -
OO - 0 . 3 2 - -
T a b l e  4 .
M u t a r o t a t i o n  o f  t h e  C i n c h o n i d i n e  S a l t  o f  1 - P h e n y l n a p h t h a l e n e  
- 2 *- c a r b o x y l i c  A c id  i n  C h l o r o f o r m  a t  2 0 ° .
Time ( m i n s . )  
a f t e r  1 . 5 5  m i n s .
20
5461 :^°%o ifiC -  ^  1
k  m in s “ ^
0 4 - 5 . 0 7 1 .8 6 9 2 -
0 . 5 4 * 4 . 7 2 T . 5 9 1 1 1 . 2 8
0 . 9 +  4 . 5 6 I . 3617 1 .3 0
1 . 5 +  4 . 4 3 1 .0 0 0 0 1 . 3 3
2 . 1 +  4 . 3 7 2 . 6 0 2 1 1 . 3 3
3 . 0 5 +  4 .3 3 - -
5 . 7 5 +  4 . 3 3 - -
CO +  4 . 3 3 - -
( ^ ) - l - P h e n y l n a p h t h a l e n e - 2 »- c a r b o x y l i c  A c i d .
The b r u c i n e  {•f-)-ac id  s a l t  ( 1 . 7 5 g . )  o b t a i n e d  f r o m  a s e c o n d  
o r d e r  a s y m m e t r i c  t r a n s f o r m a t i o n  was g ro u n d  w i t h  a  l i t t l e  
f o r m i c  a c i d  ( S . G .  1 . 2 )  a t  5 ^ .  The s o l i d  d i d  n o t  c o m p l e t e l y  
d i s s o l v e  and  t h e  s u s p e n s i o n  was p o u r e d  i n t o  i c e  c o l d  d i l u t e  
h y d r o c h l o r i c  a c i d .  The p r e c i p i t a t e d  ( ^ ) - a c i d  ( 0 . 5 g . )  was 
f i l t e r e d  o f f ,  w ashed  w i t h  w a t e r  a n d  d r i e d  i n  v a c u o .  M .P .  1 6 2 ° .  
(P o u n d ;  C, 8 2 . 1 5 ;  H , 4 . 9 .  GiyHigOg r e q u i r e s  C, 8 2 . 2 ;  H,4 .9J?)
y i
R a c é m is a t io n  o f  ( + ) - l - P h e n y ln a p h t h a le n e - 2 *- c a r b o x y l i c  A c id
A s o l u t i o n  o f  t h e  a c i d  ( 0 . 2 1 3 0 g . )  i n  c h l o r o f o r m  ( 2 0 m l . )  was 
e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ^ .  A d u p l i c a t e  e x p e r i m e n t  
waa c a r r i e d  o u t  a n d  a l o g .  p l o t  made ( f i g . 3) o f  t h e  
com bined  r e s u l t s  ( T a b l e s  5 and  6 ) •  The v a l u e s  o f  k  o b t a i n e d  
w e r e :  (1 )  0 . 3 5 6  (2 )  0 . 3 6  m i n s . " - .  VEience an  a v e r a g e
h a l f - l i f e  o f  2 . 0  m i n s .  was c a l c u l a t e d .
A t t e m p t e d  A c t i v a t i o n  o f  M e t h y l  1- P h e n y l n a p h t h a l e n e  
- 2 ’ - c a r b o x y l a t e  b y  S o l v a t i o n .
P r e p a r a t i o n  o f  M e t h y l  1 - P h e n y l n a p h t h a l e n e  - 2 * - c a r b o x y l a t e .
l - P h e n y l n a p h t h a l e n e - 2 * - c a r b o x y l i c  a c i d  ( I g . )  was e s t e r i f i e d  
b y  b o i l i n g  w i t h  m e t h y l  a l c o h o l  ( 1 0 m l . )  a n d  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  ( 0 . 5 g . )  f o r  t h r e e  h o u r s .  The e s t e r  wag 
c r y s t a l l i s e d  f r o m  l i g h t  p e t r o l e u m  ( b . p .  8 0 -1 0 0 ^ )  ( 5 m l . ) .  
a n d  h a d  m .p .  8 8 - 9 °  ( 0 . 6 1 g . ,  58 ,^) .
An a t t e m p t  was made t o  a c t i v a t e  t h e  a c i d  w i t h  an  
o p t i c a l l y  a c t i v e  s o l v e n t ,  ( c . f .  G l a z e r ,  H a r r i s  and  T u r n e r ,
1 9 5 0 ,  1753;  B uchanan  a n d  Graham, J . , 1 9 5 0 ,  5 0 0 . )
M e th y l  l - p h e n y l n a p h t h a l e n e - 2 ’ - c a r b o x y l a t e  ( 0 . 2 5 g . )  was 
d i s s o l v e d  i n  d i e t h y l  ( + ) - t a r t r a t e  ( 5 m l . ) . A f t e r  s t a n d i n g  
a t  room  t e m p e r a t u r e  f o r  an h o u r ,  i c e - c o l d  w a t e r  was g r a d u a l l y  
a d d e d  w i t h  s t i r r i n g  u n t i l  t h e  m e t h y l  e s t e r  c r y s t a l l i s e d .
The s o l i d  was w ash ed  w i t h  w a t e r  and  d r i e d  i n  vacuum.
The e s t e r  ( 0 . 2 0 0 0 g . )  was d i s s o l v e d  i r | c h l o r o f o r m  ( 2 0 m l . )
R AC E MI S A T I O N  O F  ( + ) - A C I D  
IN C H L O R O F O R M  A t  2 0 ° .
C O O H
F i g . 3
- 1-0
0 - 5
EXP. I
7o
T a b le  5 .
R a c é m i s a t i o n  o f  ("K) ~ l ~ P h e n y l n a p h t h a l e n e - 2 ^ - c a r b o x y l i c  A c id
i n  C h l o r o f o r m  a t  2 0 ° .
Time a f t e r  
w e t t i n g *  ( m i n . )
20 
^  5461
, . - 1k  m in .
2 . 3 6 4 - 0 . 5 3 1 . 7 2 4 3
2 . 8 - ) - 0 .4 4 1 .6 4 3 5 0 . 4 1
3 . 4 2 4 - 0 . 3 6 T . 5 5 6 3 0 . 3 6
4 . 0 4 * 0 . 3 0 1 . 4 7 7 1 0 . 3 5
4 . 4 5 4"0 .2 5 1 .3 9 7 9 0 . 3 6
5 . 1 5 4 - 0 . 2 2 1 . 3 4 2 4 0 .3 1
5 . 7 5 4 * 0 . 1 6 1 .2 0 4 1 0 . 3 5
6 .6 4 - 0 .1 2 1 .0 7 9 2 0 . 3 5
8 . 7 4^ 0 . 0 5 2 .6 9 9 0 0 . 3 7
9 . 2 4 - 0 . 0 4 2 . 6 0 2 1 0 . 4 1
1 1 . 7 5 4 - 0 . 0 2 2 .3010 0 . 3 5
4DQ 0 . 0 0 - -
T a b le  6 .
R a c é m i s a t i o n  o f  ( + ) - 1 - P h e n y l n a p h t h a l e n e - 2 * - c a r b o x y l i c  A c id  
i n  C h l o r o f o r m  a t  2 0 ^ .
7/
Time a f t e r  
w e t t i n g ,  ( m i n . )
20
s *
5461
l o g .
10 t aa
, . - 1  k  m in .
2 . 1 4 - 0 . 5 7 1 .7 5 5 9 —
2 . 6 2 + 0  .4 8 1 . 6 3 1 2 0 . 3 3
3 . 1 2 4  0 . 3 9 1 . 5 9 1 1 0 . 3 3
3 . 8 5 4 0 . 2 9 1 . 4 6 2 4 0 . 3 9
4 . 6 5 -KO.23 1 .3 6 1 7 0 . 3 6
5 .3 4 0 . 1 8 1 . 2 5 5 3 0 . 3 6
6 . 1 5 4 0 . 1 3 1 .1 1 3 9 0 . 3 6
6 . 7 5 4 0  .1 1 1 . 0 4 1 4 0 . 3 5
7 . 4 4 0  .07 2‘«8451 0 . 3 5
9 . 0 4-0 .05 2 . 6 9 9 0 0 .35
9 . 6 5 4 0 . 0 3 5 2 . 4 7 7 1 0 . 3 7
c O 0 . 0 0 - - ,
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a n d  e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ^ .  The f i r s t  r e a d i n g  
o f  t h e  o b s e r v e d  a n g l e  was made 1 . 5  m i n s .  a f t e r  w e t t i n g .  No 
o p t i c a l  a c t i v i t y  was o b s e r v e d  a n d  no m u t a r o t a t i o n  was 
o b s e r v e d .
P r e p a r a t i o n  o f  1 ; l * - D i n a p h t h y l - 5 : 5 * - d i c a r b o x y l i c  A c i d .
1 - B r o m o n a p h t h a l e n e . ^
A m e c h a n i c a l l y  s t i r r e d  s o l u t i o n  o f  n a p h t h a l e n e  ( 2 ^ 5 g . ^
1 . 2 5  m o i s . )  i n  d r y  c a r b o n  t e t r a c h l o r i d e  ( 9 0 m l . )  was h e a t e d  
t o  b o i l i n g  a n d  b r o m in e  ( 2 5 4 g . ,  I r a o l . )  a d d e d  s l o w l y  t o  t h e  
r e a c t i o n  m i x t u r e  o v e r  t h r e e  h o u r s .  H e a t i n g  was c o n t i n u e d  
f o r  a  f u r t h e r  two h o u r s  b y  w h i c h  t i m e  t h e  e v o l u t i o n  o f  h y d r o g e n  
b r o m id e  h a d  c e a s e d .  The r e s i d u e  o b t a i n e d  a f t e r  t h e  b u l k  
o f  t h e  s o l v e n t  h a d  b e e n  d i s t i l l e d  o f f  was h e a t e d  on a v / a t e r  
b a t h  w i t h  s o d iu m  h y d r o x i d e  ( 2 0 g . )  f o r  t h r e e  h o u r s .  The 
l i q u i d  o b t a i n e d  v/as f i l t e r e d  t h r o u g h  g l a s s  w oo l  a n d  d i s t i l l e d  
u n d e r  r e d u c e d  p r e s s u r e ,  a  f r a c t i o n  ( 3 l 0 g . )  
b . p .  1 4 8 -1 5 2 ^ /2 0 m m .  v/as c o l l e c t e d  an d  r e d i s t i l l e d .  
1 - B r o m o n a p h t h a l e n e  b . p .  1 3 6 - 7 ° / l4 m m .  v/as o b t a i n e d .  ^ 2 9 0 g .
8 9 ^ ,  c a l c u l a t e d  on t h e  v / e ig h t  o f  b r o m in e  u s e d . )
1 - N a p h t h o i c  A c i d .
A s o l u t i o n  o f  1 - b r o m o n a p h t h a l e n e  ( 2 0 7 g . , I m o l . )  was 
s l o w l y  a d d e d  t o  a  m e c h a n i c a l l y  s t i r r e d  s u s p e n s i o n  o f  m agnes ium  
t u r n i n g s  ( 2 4 . 2 g . )  i n  d r y  e t h e r  (1 0 0  m l . ) . A c r y s t a l  o f  
i o d i n e  was a d d e d  and  t h e  m i x t u r e  g e n t l y  warmed t o  i n i t i a t e  
t h e  r e a c t i o n .  On c o m p l e t i o n  o f  t h e  a d d i t i o n ,  b o i l i n g  u n d e r
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r e f l u x  v/as c o n t i n u e d  f o r  a  f u r t h e r  t h i r t y  m i n u t e s .  D ry  
b e n z e n e  (5 5 0  m l . )  v/as a d d e d  t o  d i s s o l v e  t h e  o i l  w h ic h  s e p a r a t e d  
and  t h e  c o o l e d  s o l u t i o n  was p o u r e d  o n t o  c r u s h e d  s o l i d  c a r b o n  
d i o x i d e  ( 5 0 0 g . ) . An e x c e s s  o f  2N s u l p h u r i c  a c i d  was a d d e d ,  
t h e  r e a c t i o n  m i x t u r e  was c o o l e d  b y  t h e  a d d i t i o n  o f  c r u s h e d  
i c e  and  s t i r r e d  u n t i l  two l a y e r s  s e p a r a t e d .  The e t h e r - b e n z e n e  
l a y e r  was e x t r a c t e d  w i t h  a q u e o u s  s o d iu m  h y d r o x i d e .  The 
a l k a l i n e  e x t r a c t s  w e re  c o m b in ed  a n d  a c i d i f i e d ,  t h e  c r u d e  
1 - n a p h t h o i c  a c i d  ( 1 4 8 g . )  was v /a sh ed ,  d r i e d  and  c r y s t a l l i s e d  
f r o m  b o i l i n g  t o l u e n e  (7 0 0  m l . )  .  P u r e  1 - n a p h t h o i c  a c i d  
( 1 2 2 g . , 71^ )  was o b t a i n e d  a s  a c o l o u r l e s s  c r y s t a l l i n e  s o l i d  
o f  m . p .  1 6 1 - 1 6 2 ° .
5 - N i t r o - l - n a p h t h o i c  A c i d .
1 - N a p h t h o i c  a c i d  was n i t r a t e d  i n  t h e  m ain  a s  d e s c r i b e d  b y
{
E k s t r a n d  ( J .  p r . G hem . , 1 8 8 8 ,  [ 2] ,  2 4 1 ) .  More p r e c i s e
c o n d i t i o n s  f o r  t h e  r e a c t i o n  w ere  w ork e d  o u t .
F i n e l y  g ro u n d  1 - n a p h t h o i c  a c i d  ( 9 0 g . )  was a d d e d  g r a d u a l l y
o
t o  c o n c e n t r a t e d  n i t r i c  a c i d  ( d .  1 . 4 2 ,  600 m l . )  a t  80 w i t h  
m e c h a n i c a l  s t i r r i n g .  H e a t i n g  was c o n t i n u e d  f o r  a  f u r t h e r  
h a l f  an  h o u r  a f t e r  t h e  a d d i t i o n  was c o m p l e t e .  The c o o l e d  
s o l u t i o n  was p o u r e d  o n t o  i c e .  A s m a l l  q u a n t i t y  o f  1 - n i t r o -  
n a p h t h a l e n e  was rem o v e d  b y  d i s s o l v i n g  t h e  p r o d u c t  i n  so d iu m  
c a r b o n a t e  s o l u t i o n ,  f i l t e r i n g  o f f  t h e  i n s o l u b l e  m a t e r i a l ,  and  
p r e c i p i t a t i n g  t h e  m ix ed  5 -  and  8 - n i t r o n a p h t h o i c  a c i d s  ( I 0 5 g . )  
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  Tv/o c r y s t a l l i s a t i o n s  f r o m
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1 l i t r e  a n d  500 m l .  r e s p e c t i v e l y  o f  e t h a n o l ,  gave  p u r e  
5 - n i t r o - l ^ n a p h t h o i c  a c i d  ( 2 0 g . ,  1 7 . 5 ^ )  a s  a  l i g h t  y e l l o w  
c r y s t a l l i n e  s o l i d  m . p .  2 3 8 - 9 ° .
E k s t r a n d  ( l o c .  c i t . )  c l a i m e d  t h a t  f u r t h e r  a m o un ts  o f  
5 - n i t r o - l - n a p h t h o i c  a c i d  c o u l d  b e  o b t a i n e d  f r o m  t h e  a l c o h o l i c  
m o th e r  l i q u o r s  f r o m  t h e  c r y s t a l l i s a t i o n .  On e s t é r i f i c a t i o n  
b y  p a s s i n g  d r y  h y d r o g e n  c h l o r i d e  t h r o u g h  t h e  b o i l i n g  s o l u t i o n  
o n l y  e b k y l  5 - n i t r o - l - n a p h t h o a t e  i s  o b t a i n e d .  The 8 - n i t r o  
i s o m e r  i n  u n c h a n g e d  a n d  c o u l d  be  s e p a r a t e d . .  T h i s  p r o c e d u r e  
was f o l l o v / e d ,  b u t  some d i f f i c u l t y  was e x p e r i e n c e d  i n  a t t e m p t i n g  
t o  h y d r o l y s e  t h e  e s t e r  o b t a i n e d .  D e c o m p o s i t i o n  o c c u r e d  on 
b o i l i n g  w i t h  a l c o h o l i s  p o t a s s i u m  h y d r o x i d e , w h i l e  some e s t e r  
r e m a i n e d  u n c h a n g e d  on b o i l i n g  v / i t h  7 0 ^  w/w s u l p h u r i c  a c i d .
5 - Amind- 1 - n a p h t h o i c  A c i d .
( E k s t r a n d ,  l o c . c i t . )
An a q u e o u s  s o l u t i o n  ( 1 . 2  1 . )  o f  h y d r a t e d  f e r r o u s  s u l p l i a t e  
( 2 5 0 g . )  was a d d e d  o v e r  a  p e r i o d  o f  t h i r t y  m i n u t e s  t o  a 
m e c h a n i c a l l y  s t i r r e d  s o l u t i o n  o f  5 - n i t r o - l - n a p h t h o i c  a c i d  
i n  a q u e o u s  ammonia ( d .  0 . 8 8 0 ,  280 m l . ) . An i n i t i a l  r e d - b r o w n  
p r e c i p i t a t e  was f o r m e d  w h i c h  l a t e r  a s su m e d  a  b l u e - b l a c k  
c o l o u r .  The b l a c k  p r e c i p i t a t e  was f i l t e r e d  o f f  and  t h e  
f i l t r a t e  was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  a volume 
o f  700 m l . .  A b row n c r y s t a l l i n e  s o l i d  ( 5 g . , m .p .  2 1 2 - 2 1 5 ° )  
s e p a r a t e d  a n d  was f i l t e r e d  o f f  a n d  t h e j f i l t r a t e  e v a p o r a t e d  
u n d e r  r e d u c e d  p r e s s u r e .  The m e l t i n g  p o i n t  i n d i c a t e d  t h a t  
t h i s  s u b s t a n c e  was 5 - a m i n o - 1 - n a p h t h o i c  a c i d  fo rm e d  b y
d i s s o c i a t i o n  o f  t h e  ammonium s a l t .  The f i l t r a t e  was c a r e ­
f u l l y  a c i d i f i e d  v / i t h  d i l u t e  a c e t i c  a c i d  t o  pH 7 .  A f t e r  
s t a n d i n g ,  t h e  b row n  p r e c i p i t a t e  w h i c h  f o r m e d  ( 1 1 . 2 g . ,  m .p .  
2 0 5 - 2 1 0 ° )  was f i l t e r e d  o f f .  The two c r o p s  o f  s o l i d  t h u s  
o b t a i n e d  ( 1 6 . 2 g . ,  82^)  w ere  c r y s t a l l i s e d  f r o m  e t h a n o l  (2 0 0  m l . )  
5 -A m ino- 1 - n a p h t h o i c  a c i d  ( l l g . , m . p .  2 1 4 - 2 1 5 ° ,  58^)  was 
o b t a i n e d  a s  a  l i g h t  b row n c r y s t a l l i n e  s o l i d .  A s e c o n d  c r o p  
( 3 g . )  was o b t a i n e d  b y  e v a p o r a t i o n  o f  t h e  a l c o h o l  m o th e r  
l i q u o r ,  m . p .  2 1 0 - 2 1 2 ° .
E k s t r a n d  ( l o c .  c i t . ) g i v e s  m . p .  2 1 1 - 2 1 2 ° .
5 - l o d o - 1 - n a p h t h o i c  A c id
The a c i d  was p r e p a r e d  b y  t h e  m e th o d  o f  S e e r  an d  S c h o l l ,  
( A n n a l e n ,  1 9 1 3 ,  3 9 8 ,  8 2 ) .
5 - A m i n o - 1 - n a p h t h o i c  a c i d  ( 9 g . , I m o l . )  was d i s s o l v e d  i n  
10^  a q u e o u s  so d iu m  h y d r o x i d e  (3 5  m l . )  a n d  t h e  s o l u t i o n  was 
a d d e d  t o  an  a q u e o u s  s o l u t i o n  o f  so d iu m  n i t r i t e  ( 4 g . , l . l m o l s . ) .  
The r e s u l t a n t  s o l u t i o n  v/as a d d e d  d r o p v / i s e  w i t h  e f f i c i e n t  
s t i r r i n g  t o  1 0 ^  s u l p h u r i c  a c i d  (2 5 0  m l . )  c o o l e d  t o  0 ° .  The 
t u r b i d  s o l u t i o n  o b t a i n e d  v/as f i l t e r e d  i n t o  an  a q u e o u s  
s o l u t i o n  (9 0  m l . )  o f  p o t a s s i u m  i o d i d e  ( 1 7 g . ,  2 . 1  m o i s . )  c o o l e d  
i n  an  i c e  b a t h .  A l i t t l e  so d iu m  m e t a b i s u l p h i t e  was a d d e d  t o  
rem ove  e x c e s s  i o d i n e , t h e  c r u d e  5 - i o d o - 1 - n a p h t h e i c  a c i d  
( l l g . ,  m . p .  2 3 0 - 2 4 5 ° ,  7 6 ^  ) was f i l t e r e d  o f f  and  r e c r y s t a l l i s e d
f r o m  g l a c i a l  a c e t i c  a c i d  (180 m l . )  u s i n g  a l i t t l e  c h a r c o a l .
o
5 - I o d o - l - n a p h t h o i c  a c i d  ( 8 . 5 g . ,  m . p .  2 4 6 - 2 5 0  , 59^)  was
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o b t a i n e d  a s  a r e d  c r y s t a l l i n e  s o l i d .
S e e r  a n d  S c h o o l  ( l o c . c i t . ) g i v e  m . p .  2 5 3 - 2 5 4 °  a f t e r  
two r e c r y s t a l l i s a t i o n s .
M e t h y l  5 - i o d o - l - n a p h t h o a t e .
5 - 1 o d o - 1 - n a p h t h o i c  a c i d  ( l O g . )  was d i s s o l v e d  i n  m e t h y l  
a l c o h o l  (25 0  m l . )  a n d  d r y  h y d r o g e n  c h l o r i d e  v/as p a s s e d  
t h r o u g h  t h e  b o i l i n g  s o l u t i o n  f o r  f i v e  h o u r s .  A f t e r  p o u r i n g  
t h e  r e a c t i o n  m i x t u r e  i n t o  v / a t e r  an d  e x t r a c t i n g  w i t h  e t h e r ,  
t h e  r e s i d u e  o b t a i n e d  was c r y s t a l l i s e d  f r o m  m e t h y l  a l c o h o l  
( 5 0  m l . ) . M e t h y l  5 - i o d o - l - n a p h t h o a t e  ( 8 . 7 g . ,  m . p .  7 8 - 7 9 °
83^)  was o b t a i n e d  a s  a p i n k  s o l i d  c r y s t a l l i s i n g  i n  p l a t e s .
S e e r  a n d  S c h o l l  ( l o c . c i t . ) g i v e  m . p .  8 1 - 8 2 ° .
1 : 1 ’ - D i n a p h t h y l - 5 : 5 ’ - d i c a r b o x y l i c  A c i d .
The a c i d  was o b t a i n e d  b y  a m o d i f i c a t i o n  o f  t h e  m ethod  
o f  S e e r  an d  S c h o l l  ( l o c . c i t . )
C opper  b r o n z e  ( 5 g . )  v/as a d d e d  g r a d u a l l y  t o  m e t h y l  5 - i o d o  
- 1 - n a p h t h o a t e  ( 5 g . )  c o n t a i n e d  i n  a  h a r d  g l a s s  t u b e  im m ersed  
i n  a m e t a l  b a t h  m a i n t a i n e d  a t  2 5 0 ° .  The r e a c t i o n  was c a r r i e d  
o u t  i n  an a t m o s p h e r e  o f  c a r b o n  d i o x i d e .  A r i s e  i n  t h e  i n i t i a l  
i n t e r n a l  t e m p e r a t u r e  o f  2 2 0 °  was o b s e r v e d  on t h e  a d d i t i o n  o f  
t h e  c o p p e r .  On c o m p l e t i o n  o f  t h e  a d d i t i o n ,  t h e  r e a c t i o n  
m i x t u r e  was h e a t e d  a t  2 20 °  f o r  a  f u r t h e r  f i f t e e n  m i n u t e s ,  
a l l o w e d  t o  c o o l  t o  120°  an d  t h o r o u g h l y  e x t r a c t e d  w i t h  o -  
d i c h l o r o b e n z e n e . The s o l v e n t  was d i s t i l l e d  o f f  and  t h e  
r e s i d u e  was h y d r o l y s e d  b y  b o i l i n g  w i t h  10^  a l c o h o l i c  p o t a s s i u m
h y d r o x i d e  (1 4 0  m l . )  f o r  tlriree h o u r s .  The a l c o h o l  was d i s t i l l e d
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o f f ,  t h e  r e s i d u e  e x t r a c t e d  w i t h  w a t e r  a n d  i n s o l u b l e  m a t e r i a l  
f i l t e r e d  o f f .  The a q u e o u s  f i l t r a t e  v/as b o i l e d  w i t h  
c h a r c o a l ,  f i l t e r e d  a n d  a c i d i f i e d  v / i t h  d i l u t e  h y d r o c h l o r i c  
a c i d ,  when t h e  c r u d e  1 : 1 ’ - d i n a p h t h y l - 5 : 5 ’ - d i c a r b o x y l i c  a c i d  
( 2 . 1 g . ,  m . p .  344°  v / i t h  s o f t e n i n g ,  77^ )  was f i l t e r e d  o f f  
w a sh e d  and  d r i e d .  The c r u d e  a c i d  was c r y s t a l l i s e d  t v / i c e  
f r o m  e t h a n o l  (7 5 0  a n d  600 m l . ) ,  v/hen t h e  p u r e  a c i d  ( 1 . 3 5 g . , 
m . p .  358°  ( b l o c k )  , 50^)  v/as o b t a i n e d .
(P o u n d :  C, 7 5 . 2 ;  E , 4 . 0 .  C a l c ,  f o r  Cg^H^^O^: C, 7 7 . 2 ;  H , 4 . 1 ^ )
S e e r  a n d  S c h o l l  i s o l a t e d  t h e  p u r e  d i m e t h y l  e s t e r  ( 7 5 ^  ) 
b e f o r e  o b t a i n i n g  t h e  a c i d  b y  h y d r o l y s i s :  m . p . 3 5 9 - 3 6 0 ° .
A t t e m p t e d  F i r s t  O r d e r  A s y m m e tr ic  T r a n s f o r m a t i o n  o f  
1 : 1 ’ - D i n a p h t h y l - 5 : 5 ’ - d i c a r b o x y l i c  A c i d  w i t h  B r u c i n e .
The a c i d  v/as f o u n d  t o  b e  s p a r i n g l y  s o l u b l e  i n  c h l o r o f o r m ,  
P r e p a r a t i o n  o f  a c h l o r o f o r m  s o l u t i o n  o f  t h e  b r u c i n e  s a l t  was 
t h e r e f o r e  c a r r i e d  o u t  b y  d i s s o l v i n g  a n h y d r o u s  b r u c i n e  
( 0 . 4 6 0 7 g . ,  2 m o i s . )  i n  c h l o r o f o r m  a n d  s h a k i n g  t h i s  s o l u t i o n  
w i t h  1 : 1  *- d i n a p h t h y l - 5 : 5 ’ - d i c a r b o x y l i c  a c i d  0 . 2 0 0 0 g . ,  1 m o l . )  
u n t i l  a l l  t h e  s o l i d  h a d  d i s s o l v e d .  The s o l u t i o n  v/as made 
up  t o  20 m l .  a n d  e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ° .
Time a f t e r QC
20°
w e t t i n g  ( m i n s . ) 5461
4 . 7 5 - 2 . 3 4
7 . 8 - 2 . 3 4
GO - 2 . 3 4
24 h o u r s 2 . 3 0
The m u t a r o t a t i o n  o f  0 . 0 4 °  w a s ' i n c o n c l u s i v e , a n d  i t  was 
c l e a r l y  i m p r a c t i c a b l e  t o  d e t e r m i n e  t h e  r a t e  o f  ch an g e  o f  
r o t a t i o n  a t  2 0 ° .
P r e p a r a t i o n  o f  t h e  B r u c i n e  S a l t  o f  ( 4 ) - 1 : 1 ’ - D i n a p h t h y l  
- 5 : 6 ’ - d i c a r b o x y l i c  A c i d .
I t  was f o u n d  i m p o s s i b l e  t o  c r y s t a l l i s e  t h e  b r u c i n e  s a l t  
( o b t a i n e d  b y  e v a p o r a t i n g  t o  d r y n e s s  a  c h l o r o f o r m  s o l u t i o n  
o f  b r u c i n e  (2  m o i s . )  a n d  a c i d  ( 1  morl. )  ) f r o m  a c e t o n e ,  
e t h a n o l ,  m e t h a n o l ,  b e n z e n e ,  e t h y l  a c e t a t e ,  c y c l o h e x a n e , 
c y c l o h e x a n o l , c y c l o h e x a n o n e , c h l o r o f o r m ,  o r  t e t r a c h l o r e t h a n e . 
H o w eve r ,  b o i l i n g  2 - e t h o x y e t h a n o l  ( e t h y l  c e l l o s o l v e )  d i s s o l v e d  
t h e  s a l t ,  a n d  on a d d i t i o n  o f  w a t e r  t o  t h e  b o i l i n g  s o l u t i o n  
c o l o u r l e s s  p r i s m s  w e re  d e p o s i t e d .
Hot w a t e r  ( 8 0  m l . )  was a d d e d  t o  a  s o l u t i o n  o f  t h e  
a c i d  ( 0 . G 8 5 g . , 1 m o l . )  anc^anhydrous b r u c i n e  ( 1 . 5 7 6 g . ,  2 m o i s . )  
i n  b o i l i n g  2 - e t h o x y e t h a n o l  (40  m l . ) . The h o t  s o l u t i o n  was 
f i l t e r e d  a n d  a l l o v / e d  t o  c o o l ,  when t h e  b r u c i n e  s a l t  ( 1 . 2 9 g . ,  
m . p .  2 4 5 °  ( d e c o m p . ) .  C r o p .  1) c r y s t a l l i s e d  a s  c o l o u r l e s s  
p r i s m s •
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The f i l t r a t e  was ,e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  
30 m l . .  W a te r  was a d d e d  t o  t h e  b o i l i n g  s o l u t i o n ,  w h i c h  
was f i l t e r e d  a n d  a l l o w e d  t o  c o o l ,  when a  f u r t h e r  q u a n t i t y  
o f  t h e  s a l t  ( 0 . 3 2 g . ,  m . p .  2 4 3 °  ( d e c o m p . ) .  Crop 2 . )  v/as 
d e p o s i t e d •
A s o l u t i o n  o f  t h e  b r u c i n e  s a l t  ( o b t a i n e d  a s  Crop 1 . )
i n  c h l o r o f o r m  (2 0  m l . )  was e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ° .
20 °
Time a f t e r  ^
v / e t t i n g  ( m i n s . )  5461
2 . 6 8  -  0 . 3 5
6 0 . 0  -  0 . 3 5
48 h o u r s  -  0 . 3 8
(+•) - 1 : 1 ’ - D i n a p h t h y l - 5 : 5 ’ - d i c a r b o x y l i c  A c id  From Crop 1 .
The s a l t  o b t a i n e d  a s  t h e  f i r s t  c r o p  was g r o u n d  v / i t h  i c e -
c o l d  2 N h y d r o c h l o r i c  a c i d  a n d  t h e n  v / i t h  v / a t e r  u n t i l  t h e
v /a s h in g s  w e re  f r e e  f r o m  m i n e r a l  a c i d .
The (4)- a c i d  o b t a i n e d  was d i s s o l v e d  i n  0 . 1  N sod ium  
h y d r o x i d e  (20  m l . )  a n d  t h e  s o l u t i o n  was e x t r a c t e d  v / i t h  t h r e e  
p o r t i o n s  o f  c h l o r o f o r m  t o  rem ove  t r a c e s  o f  b r u c i n e . A f t e r  
a  f u r t h e r  e x t r a c t i o n  w i t h  e t h e r  t h e  s o l u t i o n  was made up  t o  
25 m l .  w i t h  0 . 1  N s o d iu m  h y d r o x i d e  a n d  i t s  r o t a t i o n  a t  20°
20 °
d e t e r m i n e d .  OC 4  0 .5 1  .
5461
S o
The c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  ( a f t e r  t h e  r a t e  o f  
r a c é m i s a t i o n  h a d  b e e n  d e t e r m i n e d )  was f o u n d  b y  p r e c i p i t a t i o n  
o f  t h e  a c i d  f r o m  a knovm v o l u m e .
The c a u s t i c  s o d a  s o l u t i o n  ( 1 2 . 4  m l . )  gave  0 . 1 0 2 7  g .  
o f  a c i d  on p r e c i p i t a t i o n  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .
The c o n c e n t r a t i o n  o f  t h e  a c i d  was t h e r e f o r e  0 . 8 2 6 0  g . / l O O  m l . .  
The a c i d  v/as t h u s  f o u n d  t o  havefo^  4  2 7 . 2 °  i n  0 . 1  N 
s o d iu m  h y d r o x i d e  s o l u t i o n .
*^5461
A f t e r  a p r e l i m i n a r y  e x p e r i m e n t  a t  4 5 °  i t  was d e c i d e d  
t o  d e t e r m i n e  t h e  r a t e  o f  r a c é m i s a t i o n  o f  t h e  ( 4 ) - a c i d  a t  6 0 ° .  
R a c é m i s a t i o n  o f  ( 4 ) - 1 : 1 ’ - D i n a p h t h y l - 5 ; 5 ’ - d i c a r b o x y l i c  A c id  
O b t a i n e d  f r o m  Crop 1 .
The 0 . 1  N so d iu m  h y d r o x i d e  s o l u t i o n  p r e p a r e d  t o  d e t e r m i n e  
t h e  s p e c i f i c  r o t a t i o n  o f  t h e  a c i d  v/as e m p lo y e d .
The s o l u t i o n  was p l a c e d  i n  a  c o n i c a l  f l a s k  p r o v i d e d  
w i t h  a  g r o u n d  g l a s s  s t o p p e r .  The  f l a s k  was im m ersed  i n  
a w a t e r  b a t h  m a i n t a i n e d  a t  6 0 2 ° .  A f t e r  an  a c c u r a t e l y  
m e a s u r e d  i n t e r v a l  o f  t i m e ,  t h e  c o n t a i n e r  was rem o v ed  f ro m  
t h e  v / a t e r  b a t h  and  t h e  r a c é m i s a t i o n  r a p i d l y  s t o p p e d  b y  im m e rs io n  
i n  a  f r e e z i n g  m i x t u r e .  The t e m p e r a t u r e  o f  t h e  s o l u t i o n  was 
t h e n  a l l o w e d  t o  r i s e  t o  2 0 °  and  t h e  r o t a t i o n  o f  t h e  s o l u t i o n  
d e t e r m i n e d .  The s o l u t i o n  v/as t h e n  r e p l a c e d  i n  t h e  v / a t e r -  
b a t h  a n d  t h e  p r o c e d u r e  r e p e a t e d .
I n  t h i s  w ay ,  an  a v e r a g e  v a l u e  f o r  k  was f o u n d  t o  be  
0 . 0 2 4  m in s .* "^ ,  whence  t h e  h a l f  l i f e  i s  29 m i n s .  ( T a b l e  7 . )
Table 7 .
8t
Racém isation o f  -D inaphthyl-^ * -d ica rb o x y lic  Acid
from Crop 1 in  O.IN Sodium Hydroxide at 6 o ° .
Time (m in .) 3461 lo g .  («K1 0  ^
1 - -1 k min.
0 +  0.43 1.6332 -
U +  0.31 Î.4 9 1 4 0 .02$
30 ■ +  0 .22 1.3424 0.024
43 +  0.133 T.I903 0.024
6o 4 -  0 .11 T .0414 0 .02$$
73 +  0 .0 7 V.843I 0 .02$
90 +  0.03 “ .4771 -
oo 0.00 ! -
Table 8 .
SI
Racém isation of (*f*^>-l;l*-D inaphthyl-$ :$ * -d ica rb o x y lic  Acid 
in  0 . 1N Sodium Hydroxide at 6o°.
' T, ■ Time (m in.)
20
^  3461
1 • -1k mm.
0 +  0 .3 6 1.3363 —
13 +  0.27 r .4 3 1 4 0.020
30 +  0,193 7 .2 9 0 0 0.020$
43 +  0 .143 1 .1 6 1 4 0.020
if-S' _
& 6o +  0.11 1.0414 0.020
m 73 +  0.08 "2.9031 0.020
90 + 0 .0 3 "2.6990 0.022
oo 0.00 —
S3
(*f).|4 D l n a p h t h y l - 5 : 5 ’ - d i c a r b o x y l i c  A c id  f r o m  Crop 2 .
The b r u c i n e  s a l t  ( c r o p  2) was g r o u n d  w i t h  d i l u t e
h y d r o c h l o r i c  a c i d *  The ( ^ ) - a c i d  was f i l t e r e d  o f f  a n d  w a sh e d
w i t h  v / a t e r .  The s o l i d  v/as d i s s o l v e d  i n  0 . 1  N so d iu m
h y d r o x i d e  s o l u t i o n ,  t h e  s o l u t i o n  e x t r a c t e d  v / i t h  c h l o r o f o r m  a n d
e t h e r  a n d  t h e n  made u p  t o  25 m l . .  The s o l u t i o n  was f o u n d  t o
h a v e  an  i n i t i a l  r o t a t i o n  * 4* 0 . 3 6 ° .  I t s  c o n c e n t r a t i o n
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was d e t e r m i n e d  b y  p r e c i p i t a t i o n  a s  i n  t h e  f i r s t  e x p e r i m e n t .
The c a u s t i c  s o d a  s o l u t i o n  ( 2 0 . 0 .  m l . )  gave  0 . 0 6 4 2  g .  
o f  t h e  a c i d  on p r e c i p i t a t i o n  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .
The c o n c e n t r a t i o n  o f  t h e  a c i d  was t h e r e f o r e  0 . 3 2 1 0  g . /  100 m l .  
a n d  t h u s  ^ ^  5 6 . 1 ° .
The r a t e  o f  r a c é m i s a t i o n  o f  t h e  a c i d  i n  0 . 1  N so d iu m  
h y d r o x i d e  s o l u t i o n  a t  60°  v/as d e t e r m i n e d ,  u s i n g  t h e  same 
t e c h n i q u e  a s  d e s c r i b e d  f o r  t h e  a c i d  f r o m  c r o p  1 .  An a v e r a g e  
v a l u e  k  ^  0 . 0 2 0  m i n s . " ^  was o b t a i n e d  ( T a b l e  8 ) .  Whence t h e  
h a l f  l i f e  i s  34 r a i n s . .
A t t e m p t e d  S e c o n d  O r d e r  A s y m m e t r i c  T r a n s f o r m a t i o n  o f  t h e  
B r u c i n e  S a l t  o f  1 : 1 ’ - D i n a p h t h y l - 5 ; 5 ’ - d i c a r b o x y l i c  A c i d .
At 80 °  t h e  a c t i v e  a c i d  i s  r e l a t i v e l y  u n s t a b l e  an d  i t  
seem ed  p o s s i b l e  t h e r e f o r e  t h a t  a s e c o n d  o r d e r  a s y m m e t r i c  
t r a n s f o r m a t i o n  m ig h t  o c c u r  i f  c r y s t a l l i s a t i o n  c o u l d  be  i n d u c e d  
a t  80°  b y  g r a d u a l  a d d i t i o n  o f  h o t  w a t e r  t o  a h o t  s o l u t i o n  o f  
t h e  ( t ) - a c i d  a n d  b r u c i n e  i n  2 - e t h o x y e t h a n o l .
The a c i d  ( 0 . 2 0 0 0  g . ,  1 m o l . )  a n d  a n h y d r o u s  b r u c i n e
Sit
( 0 . 4 6 0 6  g . ,  2 m o i s . )  w e re  d i s s o l v e d  i n  2 - e t h o x y e t h a n o l  a t  
8 0 ° .  The s o l u t i o n  was m a i n t a i n e d  a t  t h i s  t e m p e r a t u r e  a n d  
w a t e r  a t  80° v/as a d d e d  i n  s u c c e s s i v e  2 m l .  p o r t i o n s  a t  t e n  
m i n u t e  i n t e r v a l s .  The s o l u t i o n  was m e c h a n i c a l l y  s t i r r e d  
t h r o u g h o u t .  A f t e r  8 m l .  o f  w a t e r  h a d  b e e n  a d d e d ,  c r y s t a l l i s a t i o n  
s l o w l y  commenced a n d  a f u r t h e r  4 m l .  o f  w a t e r  was i n t r o d u c e d .
The s o l u t i o n  was s t i r r e d  a t  80° f o r  an  h o u r ,  v/hen t h e  s o l i d  
( c r o p  1) was f i l t e r e d  o f f  w h i l e  t h e  s o l u t i o n  was s t i l l  h o t ,  
w ashed  and  d r i e d .  The s a l t  was d i s s o l v e d  i n  c h l o r o f o r m  and  
i t s  s p e c i f i c  r o t a t i o n  d e t e r m i n e d .  The c h l o r o f o r m  was e v a p ­
o r a t e d  o f f  ( a t  2 0 ° )  a n d  t h e  r e s i d u e  decom posed  b y  g r i n d i n g  
w i t h  c o l d  f o r m i c  a c i d  and  p o u r i n g  t h e  s u s p e n s i o n  i n t o  d i l u t e  
h y d r o c h l o r i c  a c i d  and  i c e .  The (4) - a c i d  was f i l t e r e d  o f f ,  
v /ashed ,  d r i e d  a n d  d i s s o l v e d  i n  0 . 1  N sod ium  h y d r o x i d e  s o l u t i o n .  
The s p e c i f i c  r o t a t i o n  o f  t h e  s o l u t i o n  was d e t e r m i n e d  ( t h e  
c o n c e n t r a t i o n  was o b t a i n e d  b y  p r e c i p i t a t i o n )  and  t h e  r a t e  o f  
r a c é m i s a t i o n  o f  t h e  a c i d  i n v e s t i g a t e d  a t  6 0 ° ,  ( T a b l e  9 , f i g . ) 
u s i n g  t h e  same m ethod  a s  i n  t h e  p r e v i o u s  e x p e r i m e n t s .
The e t h y l  c e l l o s o l v e - v / a t e r  f i l t r a t e  f r o m  t h e  f i r s t  
c r y s t a l l i s a t i o n  was h e a t e d  t o  80° an d  an a t t e m p t  was made 
t o  i n d u c e  c r y s t a l l i s a t i o n  b y  t h e  a d d i t i o n  o f  w a t e r  a s  i n  t h e  
f i r s t  e x p e r i m e n t .  No c r y s t a l s  were  o b t a i n e d  a f t e r  a  t o t a l  
o f  34 m l .  o f  h o t  w a t e r  v/ere a d d e d ,  and  t h e  s o l u t i o n  was j
a l l o v / e d  t o  c o o l .  The s e c o n d  c r o p  o f  b r u n  i n  e s a l t  w h ic h  was 
d e p o s i t e d  was f i l t e r e d  o f f .  The s p e c i f i c  r o t a t i o n  o f  |
t h e  s a l t  i n  c h l o r o f o r m  was d e t e r m i n e d ,  and  t h e  s p e c i f i c
S s '
r o t a t i o n  an d  r a t e  o f  r a c é m i s a t i o n  o f  t h e  a c t i v e  a c i d  i n  0 . 1  N 
s o d iu m  h y d r o x i d e  s o l u t i o n  was o b t a i n e d  ( T a b l e  9 ,  f i g .  4 ) .
R e s u l t s •
The t o t a l  w e i g h t  o f s o l i d  ( a c i d + b r u c i n e )  t a k e n  0 .6 6 0 6
F i r s t  C r o p .
( i ) B r u c i n e  S a l t .
W t .  0 .3 0 1 0  g . ( 4 5 . 5 ^  T o t a l  S o l i d )
Mî%i - 1 6 . 3 °  i n  c h l o r o f o r m
(1 1 ) A c t i v e  A c i d .
W t.  0 . 0 8 8 0  g .
- 1
k  at 0 . 0 1 9  m i n s .  i n  0 . 1  N so d iu m  h y d r o x i d e
-  a t  6 0 ° .
S e c o n d  C r o p .
-
( i i i )  B r u c i n e  S a l t .
W t .  0 .2 2 1 0  g .  ( 3 3 . 4 ^  T o t a l  S o l i d ,  b u t  6 1 . 6 ^  o f  s o l i d
r e m a i n i n g  i n  s o l u t i o n . )
- 2 3 . 1 °  i n  c h l o r o f o r m
5461
( i v )  A c t i v e  A c id
w t .  0 . 0 6 6 0  g .  | o C l  + 4 5 . 3 °
t ' J  5461
k  3 0 . 0 2 0  m i n s .  i n  0 . 1  N so d iu m  h y d r o x i d e  a t  6 0 ° .
The a v e r a g e  v a l u e  o f  k  o b t a i n e d  f r o m  a l l  t h e  r a c é m i s a t i o n s
-1
c a r r i e d  o u t  w i t h  t h e  a c t i v e  a c i d  i s  0 . 0 2  m i n s .  , whence 
t h e  h a l f  l i f e  i s  c a . 33 m i n u t e s .
ACID
IN OJM SODiUM HYDROXIDE AT 6 0  .
COOH
FiG. 4
COOH
«
O C R O P  I
3  CROP 2
ii
3 0  4 0  5 0
T\ME (MIN.)
T a b le  9 .
R a c é m i s a t i o n  o f  ( 4) 1; 1 ’ - D i n a p h t h y l  - 5 ;  5 ’ - » d i c a r b o : y l i c  a c i d  
i n  0 . 1  N Sod ium H y d r o x i d e  S o l u t i o n  a t  6 0 °
Time 
(m in s  . )
20°  
^  5461 l o g .  (ôC -OC ) to fe oo
-  1
k m in s .
(-K) a c i d  f r o m  c r o p  1 .
0 +  0 . 4 5 1 .6 5 3 2
15 4 - 0 . 3 3 1 .5 1 8 5 0 . 0 2 1
50 +  0 . 2 6 1 .4 1 5 0 0 . 0 1 8
45 +  0 . 1 9 T . 2 7 8 8 0 .0 1 9
60 + 0  .15 '1 . 1 7 6 1 0 . 0 1 8
75 + 0 . 1 1 1 . 0 4 1 4 0 .0 1 9
90 +  0 . 0 9 2 . 9 5 4 2 0 .0 1 6
o o + 0 . 0 0 - -
(+)  a c i d  f r o m  c r o p  2 .
0 +  0 . 2 7 1 . 4 3 1 4 -
15 +  0 . 2 1 1 . 3 2 2 2 0 .0 1 7
30 +  0 . 1 4 1 . 1 4 6 1 0 . 0 2 2
45 +  0 . 1 1 1 . 0 4 1 4 0 . 0 2 0
60 +  0 . 0 8 2 . 9 0 3 1 0 . 0 2 0
o o +  0 . 0 0
- -
Î1
P r e p a r a t i o n  o f  1 - F h e n y l n a p h t h a l e n e - 2 ’ : 8 - d i c a r b o x y l i c  Ac i c ^
8-B rom o- 1 - n a p h t h o i c  A c i d .
R u l e ,  P u r 8e l l  a n d  Brown, J . ,  1 9 3 4 ,  1 6 8 .
N a p h t h a l e n e - 1 : 3 - d i c a r b o x y l i c  a c i d  ( 4 8  g . ,  1 m o l . )  was 
d i s s o l v e d  i n  an  a q u e o u s  s o l u t i o n  ( 1 . 2  1 . )  o f  s o d iu m  h y d r o x i d e  
( 3 1  g . ) . The s o l u t i o n  was f i l t e r e d  t h r o u g h  g l a s s  wool  an d  
b o i l e d  u n d e r  r e f l u x .  A f t e r  f i f t e e n  m i n u t e s , a  s o l u t i o n  o f  
m e r c u r i c  o x i d e  (55  g . , 1 . 1  m o i s . )  i n  g l a c i a l  a c e t i c  a c i d  
(4 0  m l . )  and  w a t e r  (1 5 0  m l . )  was a d d e d  t o  t h e  b o i l i n g  
s o l u t i o n ,  when a  l i g h t  b row n s o l i d  s e p a r a t e d .  On a c i d i f i c a t i o n  
w i t h  a c e t i c  a c i d  a  w h i t e  s u s p e n s i o n  was o b t a i n e d ,  a n d  was 
b o i l e d  u n d e r  r e f u x  c o n t i n u o u s l y  f o r ^ i g h t y  h o u r s . A f t e r  t h i s  
t i m e  a  s a m p le  t a k e n  was c o m p l e t e l y  s o l u b l e  i n  so d iu m  
h y d r o x i d e  s o l u t i o n ,  a n d  no  m e r c u r y  was d e p o s i t e d  on a  c l e a n  
c o p p e r  w i r e  im m ersed  i n  t h e  s o l u t i o n .  T h ese  t e s t s  i n d i c a t e d  
t l i a t  t h e  r e a c t i o n  was c o m p l e t e .  The h y d r o x y - m e r e  u r i c  compound 
was f i l t e r e d  o f f ,  w ash ed  w i t h  w a t e r ,  a l c o h o l  a n d  e t h e r .  The 
d r y  s o l i d  was s u s p e n d e d  i n  g l a c i a l  a c e t i c  a c i d  ( 3 0 0  m l . )  
and  w a t e r  (50  m l . )  a n d  c o o l e d  i n  an  i c e  b a t h .  A s o l u t i o n  
o f  b r o m in e  ( 3 4 g . , ' l  m o l . )  i n  5o€  a q u e o u s  so d iu m  b ro m id e  
(150  m l . )  v/as s l o w l y  a d d e d  w i t h  s t i r r i n g  o v e r  a p e r i o d  o f  
an  h o u r  and  a  h a l f ,  k e e p i n g  t h e  t e m p e r a t u r e  b e tw e e n  0 - 5 °  
t h r o u g h o u t .  At t h i s  s t a g e  t h e  m i x t u r e  became t h i c k  and  
d i f f i c u l t  t o  s t i r .  The r e a c t i o n  m i x t u r e  was a l l o w e d  t o  
warm up  t o  room t e m p e r a t u r e  and  t h e n  h e a t e d  t o  9 0 ° -  The
2S
h o t  s o l u t i o n  was p o u r e d  i n t o  b o i l i n g  w a t e r  (3  1 * ) ,  b o i l e d  
f o r  a s h o r t  t i m e ,  f i l t e r e d ,  a l l o w e d  t o  c o o l  and  t h e  s o l i d  
w h ic h  was d e p o s i t e d  (5 0  g . ,  m .p .  159°  w i t h  s o f t e n i n g . )  was 
f i l t e r e d  o f f .  The c r u d e  a c i d  was r e c r y s t a l l i s e d  f r o m  b e n z e n e  
(250  m l . )  and  p u r e  8 - b r o m o - 1 - n a p h t h o i c  a c i d  ( 3 9 . 6  g . ,  71% 
m . p .  1 73 ° )  was o b t a i n e d  i n  p l a t e s .
R u le  ( l o c . c i t . )  g i v e  m . p .  1 7 6 - 1 7 9 °  w i t h  s o f t e n i n g  a t
1 7 0 ° .
M e t h y l  8 - brom o- 1 - n a p h t h o a t e .
8 - B r o m o - l - n a p h t h o i c  a c i d  ( 3 9 . 6  g . , 1 m o l . )  was d i s s o l v e d  
i n  b e n z e n e  (30 0  m l . )  a n d  t h e  s o l u t i o n  b o i l e d  u n d e r  r e f l i o x .  
T h i o n y l  c h l o r i d e  (22  g . , 1 . 2  m o i s . )  was s l o w l y  a d d e d  t o  t h e  
b o i l i n g  s o l u t i o n  an d  t h e  r e a c t i o n  m i x t u r e  b o i l e d  u n d e r  r e f l u x  
f o r  t l i r e e  a nd  a  h a l f  h o u r s .  M e th y l  a l c o h o l  (100  m l . )
( d r i e d  o v e r  a n h y d r o u s  s o d iu m  s u l p h a t e )  was c a u t i o u s l y  a d d e d  t o
t
t h e  s o l u t i o n  w h ic h  was t h e n  b o i l e d  f o r  a  f u r t h e r  t h i r t y  
m i n u t e s .  The b e n z e n e  s o l u t i o n  v/as w ashed  t w i c e  w i t h  w a t e r ,  
t h e n  t v / i c e  w i t h  10% a q u e o u s  s o d iu m  c a r b o n a t e  s o l u t i o n  and  
f i n a l l y  a g a i n  w i t h  w a t e r .  The b e n z e n e  was e v a p o r a t e d  o f f  
a n d  t h e  o i l y  r e s i d u e  was d i s s o l v e d  i n  b o i l i n g  l i g h t  
p e t r o l e u m  ( b . p .  8 0 - 1 0 0 ° ) .  The s o l u t i o n  v/as f i l t e r e d  f ro m  
a  s m a l l  amount  o f  o i l y  i n s o l u b l e  r e s i d u e  a n d  on e v a p o r a t i o n  
o f  some o f  t h e  s o l v e n t ,  m e t h y l  8 - b r o m o - l - n a p h t h o a t e  was 
o b t a i n e d  ( 3 8  g . ,  90% T h e o ry )  a s  a  c r e a m  c o l o u r e d  s o l i d ,
m . p .  3 5 —3 7 ° .
R u le  an d  B a r n e t t ,  ( J . , 1 9 3 2 ,  175) g i v e  m .p .  3 3 ° .
M e th y l  l - p h e n y l n a p h t h a l e n e - 2 ’ : B -d i c a r b o x y l a t e .
R u l e ,  P u r s e l l  an d  B a r n e t t ,  J . , 1 9 3 5 ,  5 7 1 .
Copper  b r o n z e  (27  g . , 4 a to m s)  was a d d e d  g r a d u a l l y  t o  
a s t i r r e d  m i x t u r e  o f  m e t h y l  8 - b r o m o - l - n a p h t h o a t e  ( 2 9 . 5  g . ,
1 m o l . )  a n d  m e t h y l  o - i o d o b e n z o a t e  (4 5  g , , 1 . 5  m o i s . )  c o n t a i n e d  
i n  a  h a r d  g l a s s  t u b e  im m ersed  i n  a  m e t a l  b a t h  k e p t  a t  2 1 5 ^ .
The t e m p e r a t u r e  o f  t h e  r e a c t i o n  m e x t u r e  d i d  n o t  r i s e  ab o ve  
22 5 °  t h r o u g h o u t  t h e  a d d i t i o n .  A f t e r  t h e  a d d i t i o n  o f  t h e
o
c o p p e r  was c o m p l e t e ,  t h e  t e m p e r a t u r e  was m a i n t a i n e d  a t  220 
f o r  a  f u r t h e r  two h o u r s  • The m i x t u r e  v/as a l l o w e d  t o  c o o l  
a n d  t h e n  t h o r o u g h l y  e x t r a c t e d  v / i t h  a c e t o n e .  The e x t r a c t s  
w e re  com bined  and  t h e  s o l v e n t  r e m o v e d ,  when a s y r u p y  l i q u i d  
was o b t a i n e d .  E t h e r  (2 5  m l . )  was a d d e d  t o  t h e  r e s i d u e  
w h i c h  s o l i d i f i e d  a l m o s t  i m m e d i a t e l y .  The m i x t u r e  was a l l o w e d  
t o  s t a n d ,  t h e  s o l i d  f i l t e r e d  o f f  a n d  w a sh e d  w i t h  a f u r t h e r  
am ount  o f  e t h e r  (3 0  m l . ) . The s o l i d  was d i s s o l v e d  i n  b o i l i n g  
l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° ) ,  t h e  s o l u t i o n  l e f t  f o r  two 
h o u r s ,  when t h e  c l e a r  s u p e r n a t a n t  l i q u i d  vms d e c a n t e d  o f f .
The s o l i d  r e m a i n i n g  was r e c r y s t a l l i s e d  f ro m  a  f u r t h e r  amount 
o f  l i g h t  p e t r o l e u m  (1 6 5  m l . ) ,  and  m e t h y l  1 - p h e n y l n a p h t h a l e n e -  
2* : 8 - d i c a r b o x y l a t e  (16  g . , 45^)  was o b t a i n e d ,  m . p .  1 3 2 - 1 3 6 ° .
R u l e ,  P u r s e l l  and  B a r n e t t ,  l o c ♦ c i t . o b t a i n e d  t h e  m e t h y l  
e s t e r  w i t h  m .p .  1 3 2 - 1 3 3 ° .
l - P h e n y l n a p h t h a le n e - S ’ : 8 - d i c a r b o x y l i c  A c i d .
( R u l e ,  P u r s e l l  a n d  B a r n e t t ,  l o c . c i t . )
The d i m e t h y l  e s t e r  (1 0  g . )  was b o i l e d  u n d e r  r e f l u x  w i t h  
3 0^  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  ( lOO m l . )  f o r  s i x t e e n  
h o u r s .  The a l c o h o l  was e v a p o r a t e d  o f f  a n d  t h e  s o l i d  r e m a i n i n g  
e x t r a c t e d  w i t h  w a t e r .  l - P h e n y l n a p h t h a l e n e - 2 ’ ; 8 - d i c a r b o x y l i c  
a c i d  was p r e c i p i t a t e d  f r o m  t h e  f i l t e r e d  s o l u t i o n  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d  an d  r e c r y s t a l l i s e d  t w i c e  f ro m  e t h a n o l .  
The p u r e  a c i d  ( 5 . 5  g . , 60^ )  was o b t a i n e d  a s  a  c o l o u r l e s s  s o l i d ,  
m . p .  2 3 0 —233 .
(P o un d ;  C, 7 3 . 9 ;  H , 4 . 0 .  G a l e ,  f o r  CigHigO^: G, 7 4 . 0 ;  H , 4 . 1 ^ )
R u le  e t . a l .  ( l o c . c i t . ) g i v e  m . p .  2 3 1 -2 3 2 o
F i r s t  O r d e r  A sy m m etr ic  T r a n s f o r m a t i o n  o f  1 - P h e n y l n a p h t h a l e n e -
2 ^ : 8 - d i c a r b o x y l i c  A c i d .
( i )  A c id  (1  m o l . )  w i t h  B r u c i n e  (2  m o i s . )
A s o l u t i o n  o f  t h e  a c i d  ( 0 . 1 0 0 0  g . , 1 m o l . )  and  
a n h y d r o u s  b r u c i n e  ( 0 . 2 6 9 5  g . , 2 m o i s . )  was p r e p a r e d  i n  
c h l o r o f o r m  (2 0  m l . ) . I n  o r d e r  t o  f a c i l i t a t e  s o l u t i o n ,  
e t h a n o l  ( 0 . 5  m l . )  was a d d e d .  The s o l u t i o n  was exam in e d
p o l a r i m e t r i c a l l y  a t  20°  a n d  showed a m u t a r o t a t i o n  f ro m
M2o q r  n 20- 5 7 . 2  t o  1 ^ 1  - 3 7 . 9  ( T a b l e  10)
5461 5461
T a b le  1 0 .
F i r s t  O r d e r  AsT/mmetrio T r a n s f o r m a t i o n  o f  (i) 1 - P h e n y l n a p h t h a l e n e  
2 ^ : 8 - d i c a r b o x y l i c  a c i d  (1  m o l . )  w i t h  B r u c i n e  (2  m o i s . ) .
i n  C h l o r o f o r m  a t  20 •
Time
( h o u r s )
20
^  5461
l o g .  (ft( 
lo  t
)
CO
- 1
k  itilns •
0 - 8 . 1 3 1 .3 1 9 5 -
0 . 5 —2 .05 1 . 7 6 3 4 0 . 0 0 4 3
1 , 1 3 - 1 . 9 6 1 .6 9 0 2 0 . 0 0 4 4
1 . 5 - 1 . 8 9 1 .6 2 3 2 0 .0 0 5 0
2 . 0 - 1 . 8 4 1 .5 6 8 2 0 . 0 0 4 8
2 . 5 - 1 . 7 8 5 1 . 4 9 8 3 0 .0 0 4 9
4 . 0 - 1 . 6 7 5 1 . 3 1 1 8 0 . 0 0 5 0
4 . 5 - 1 . 6 3 5 ' Î . 2 1 7 5 0 . 0 0 5 1
5 . 0 —1 . 6 1 1 . 1 4 6 1 0 .0 0 5 8
6 .0 - 1 . 5 8 1 . 0 4 1 4 0 .0 0 5 0
OO - 1 . 4 7
i l
T a b le  1 1 .
F i r s t  O r d e r  A sy m m e tr ic  T r a n s f o r m a t i o n  o f  j ±)  l - P h e n y l n a p h t h a l e n a  
2 * : 8 - d i c a r b o x y l i c  a c i d  (1  m o l . )  w i t h  B r u c i n e  (2  m o i s . ) .
i n  C h l o r o f o r m  a t  2 0 ° .
Time
( h o u r s )
20
o c 5461 l o g . ( o t  )lO t  OO
k  m ins
0 - 2 . 0 1 1 . 7 8 5 3 -
0 . 5 - 1 . 9 4 1 . 7 3 2 4 0 . 0 0 4 1
1 . 0 - 1 . 8 5 T . 6 5 3 2 0 . 0 0 5 1
1 . 5 - 1 . 7 9 1 . 5 9 1 1 0 .0 0 5 0
2 . 5 - 1 . 6 8 Î . 4 4 7 2 0 .0052
3 . 5 - 1 . 6 2 1 . 3 4 2 4 0 .0 0 4 9
4 . 5 — 1 . 5 5 Î . 1 7 6 1 0 . 0 0 4 1
5 . 5 - 1 . 5 0 5 : 1 .0 2 1 2 0 . 0 0 5 3
6 . 7 5 - 1 . 4 7 2 . 8 4 5 1 0 . 0 0 5 3
o O — 1 . 4 0
n
A d u p l i c a t e  e x p e r im e n t  was c a r r i e d  o u t  (T a b le  1 1 , )  and
-1
two v a l u e s  f o r  k  w ere  o b t a i n e d ,  ( i )  0 .0 0 4 9  ( i i )  0 .0 0 4 9  m in s .  , 
w hence t h e  h a l f  l i f e  i s  140 m i n u t e s .
( i i )  A c id  (1  m o l . )  w i t h  B r u c in e  (1  m o l . )
A s o l u t i o n  o f  t h e  a c i d  (O.lOOO g . ,  1 m o l . )  and  a n h y d ro u s
b r u c i n e  ( 0 .1 3 4 7  g . , 1 m o l . )  v/as p r e p a r e d  i n  c h lo r o f o r m
(2 0  m l . )  . E t h a n o l  ( 0 . 5  m l . )  vfas a d d e d  t o  f a c i l i t a t e  s o l u t i o n .
o
The s o l u t i o n  was e x a m in e d  p o l a r i m e t r i c a l l y  a t  20 , and
20
show ed a  m u t a r o t a t i o n  f ro m  f W l  - 1 6 . 3 °  t o
W 20 o ^  54615461 1 3 .0  ( T a b l e  1 2 ,  ) .  A d u p l i c a t e  e x p e r im e n t
was c a r r i e d  o u t  ( T a b l e  1 3 , )  a n d  t h e  v a l u e s  f o r  k  w ere  
o b t a i n e d ,  ( i )  0 .0 0 1 2  ( i i )  0 .0 0 1 3  m in s .  t h u s  t h e  h a l f  l i f e
i s  550 m i n u t e s .
P r e l i m i n a r y  S eco n d  O rd e r  A sy m m etr ic  T r a n s f o r m a t i o n s  o f  
1 - P h e n y l n a p h t h a l e n e -2* : 8 - d i c a r b o x y l i c  A c id  w i t h  B r u c i n e .
( i )  From B e n z e n e .
The a c i d  ( 0 . 3 0 0 0 g . , 1 m o l . )  an d  a n h y d ro u s
b r u c i n e  ( 0 .3 0 8 5  g . , 2 m o i s . ) w ere  d i s s o l v e d  i n  b o i l i n g
b e n z e n e  (1 0  m l . ) . A c o l o u r l e s s  s o l i d  ( 0 .5 4 1  g . )  c r y s t a l l i s e d
i n  n e e d l e s ,  m .p .  2 0 5 ° .  A s o l u t i o n  o f  t h e  s a l t  i n  c h lo r o f o r m
was e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ° .  The r o t a t i o n  was
fo u n d  t o  ch an g e  f ro m  | 0 ( |  -j- 41 °  t o  f W j  +  12 .L J 5461  L \J  5461
94-
T a b le  1 2 .
F i r s t  O rd e r  A sy m m e tr ic  T r a n s f o r m a t i o n  o f  l - P b e n y l n a p h t h a l e n e  
2* : 8 - d i c a r b o x y l i c  a c i d  (1  m o l . )  w i t h  B r u c in e  (1  m o l . )
i n  C h lo r o fo r m  a t  2 0°  '
Time
( h o u r s ) « i S e i
lo g .(o c  -
lo e o c )oo
- 1
k  m ins
0 - 0 .2 8 5 1 .8 6 6 3 -
0 . 5 - 0 . 2 6 1 .3 5 1 3 0 .0 0 1 1 5
1 .0 —0 .2 3 1 .3 3 2 5 0 .0 0 1 3
2 .0 - 0 .1 8 5 1 .8 0 2 8 0 .0 0 1 2
3 .0 - 0 . 1 4 5 1 .7 8 1 8 0 .0 0 1 1
4 .0 —0 .1 0 5 1 .7 4 4 3 0 .0 0 1 2
5 .0 —0 .06 1 .7 0 7 6 0 .0 0 1 2
6 .0 -0  .0 25 1 .6 7 6 7 0 .0 0 1 2
7 . 0 . —0 .02 ' 1 .6 3 3 5 0 .0 0 1 3
8 .0 - f  0 .0 6 1 .5 9 1 1 0 .0 0 1 3
9 . 0 -f. 0 .0 9 5 T .5 5 0 2 0 .0 0 1 3
1 0 .0 ^  0 .12 1 .5 1 8 5 0 .0 0 1 3
1 1 .0 y .  0 .1 4 1 .4 9 1 4 0 .0 0 1 3
1 2 .0 ^  0 .1 6 1 .4 6 2 4 0 .0 0 1 3
OO 4- 0 .4 5
T a b l e  13#
F i r s t  O r d e r  A s y m m e tr ic  T r a n s f o r m a t i o n  o f  l - P h e n y l n a p h t h a l e n e  
2 ’ : 8 - d i c a r b o x y l i c  a c i d  ( 1  m ol>) w i t h  B r u c i n e  ( 1  m o l . ) .
i n  C h l o r o f o r m  a t  2 0 ° .
T im e
( h o u r s )
^  20 
^  5 4 6 1 lo g .(o c  - 
## ^
- 1
k  m in s
0 —0 .2 9 1 .8 6 9 2
0 . 5 - 0 . 2 6 1 .8 5 1 3 0 .0 0 1 4
1 . 5 - 0 . 2 1 1 .8 1 9 5 0 .0 0 1 3
2 . 5 —0 .1 6 1 .7 8 5 3 0 .0 0 1 3
3 . 5 - 0 . 1 2 1 .7 5 5 9 0 .0 0 1 2
4 . 5 - 0 . 0 8 5 1 .7 2 8 4 0 .0 0 1 2
5 . 5 - 0 . 0 4 1 .6 9 0 2 0 .0 0 1 2 5
6 . 5 —0 .0 2 1 .6 7 2 1 0 .0 0 1 2
7 . 5 + 0 . 0 4 5 1 .6 0 7 5 0 .0 0 1 3
8 . 5 +  0 . 0 8 1 . 5 6 8 2 0 .0 0 1 3 5
9 . 5 + 0 . 1 0 1 .5 4 4 1 0 .0 0 1 3
1 0 . 5 + 0 . 1 2 5 1 .5 1 1 9 0 .0 0 1 3
' 1 1 .5 + 0 . 1 5 1 .4 7 7 1 0 .0 0 1 3
OO + 0 . 4 5 -
96
( i i )  From A c e to n e  .
The a c i d  ( 0 . 3 0 0 0 g . ,  1 m o l . )  an d  a n h y d ro u s
b r u c i n e  ( 0 . S 0 8 5 g . ,  2 m o i s . ) w ere  d i s s o l v e d  i n  b o i l i n g
a c e t o n e  (15 0  m l . )  and  t h e  s o l u t i o n  e v a p o r a t e d  t o  50 m l .
A c o l o u r l e s s  s o l i d  c r y s t a l l i s e d  i n  n e e d l e s .  A s o l u t i o n  o f
t h i s  s o l i d  i n  c h lo r o f o r m  a t  20°  was f o u n d  t o  m u t a r o t a t e  f ro m  
^ *^20 o  ^  ""%20
+ 3 4  t o  ( c c l  + 1 4 ° .
^  ^ 5 4 6 1  ^  -*5461
The e q u i l i b r i u m  v a l u e s  f o r  t h e  s p e c i f i c  r o t a t i o n  o f  t h e  
c h l o r o f o r m  s o l u t i o n s  i n  b o t h  t h e  ab ove  c a s e s  w ere  u n e x p e c te d  
a s  t h e  f i r s t  o r d e r  as^ /m m etr ic  t r a n s f o r m a t i o n  shew ed t h a t
f o r  t h e  s y s te m ;  a c i d  (1  m o l . )  : b r u c i n e  (2  m o i s . )  t h e
H 20 o- 3 7 . 9  « However f o r  t h e5461
s y s te m :  a c i d  (1  m o l . )  : b r u c i n e  (1  m o l . )  t h e  e q u i l i b r i u m
W20 o+  1 3 .0
5461
T h e se  r e s u l t s  s u g g e s t  t h a t  t h e  s a l t  c r y s t a l l i s i n g  f ro m  
b o t h  b e n z e n e  and  a c e t o n e  s o l u t i o n s  o f  1 - P h e n y l n a p h t h a l e n e -  
2 8 - d i c a r b o x y l i c  a c i d  ( 1  m o l . )  and  b in ic in e  ( 2 m o i s . )  i s  t h e  
mono b r u c i n e - a c i d  s a l t .  A n a l y s i s  r e s u l t s  f o r  b o t h  t h e  s a l t s  
o b t a i n e d  w ere  i n c o n c l u s i v e .  However when O.lOOOg. o f  t h e  
s a l t  o b t a i n e d  f ro m  a c e t o n e  s o l u t i o n  was d i s s o l v e d  i n  c h lo r o f o r m  
( 2 0 m l . )  w i t h  e t h a n o l  ( 0 . 5 m l . )  a n d  a n h y d ro u s  b r u c i n e  ( 0 .0 5 7 3 g .
W 205461 - 3 8 . 5 °
was o b t a i n e d .  T h i s  a p p r o x im a te d  t o  t h e  v a l u e  o f  - 3 7 . 9 °
J  5461
o b t a i n e d  f o r  t h e  s y s te m ;  a c i d  (1  m o l . )  : b r u c i n e  (2  m o l . )  
i n  c h l o r o f o r m ,  i n d i c a t i n g  t h a t  t h e  s o l i d  o b t a i n e d  f ro m  a c e t o n e  
was i n  f a c t  t h e  mono b r u c i n e - a c i d  s a l t .
h97
M o n o b ru o in e  S a l t  o f  , ( + ) - l - P h 9 n 3 " l n a p h t h a l e n e - 2 ^  : 8 - » d lo a r b o x j l lQ
A o i d #
The a o i d  ( 0 .5 0 0 0 g * ,  1 m o l . )  a n d  a n h y d ro u s  b r u c i n e  
v o .6 7 3 5 g .  1 m o l . )  w ere  d i s s o l v e d  i n  b o i l i n g  b e n z e n e  ( 15o m l . ; .  
The s o l u t i o n  Y/as f i l t e r e d  an d  e v a p o r a t e d  to  3v m l .  On s l i g h t  
c o o l i n g  a  c o l o u r l e s s  c r y s t a l l i n e  s o l i d  ( 0 . 9 5 2 0 g . ,  m . p .2 0 5 ^ ,
7 5 ^  o f  t h e  t o t a l  s o l i d  p r e s e n t )  was o b t a i n e d .
(P o u n d :  C , 7 2 . 4 ; H , 5 . 8 ;  N 4 .0 ;  c a l c ,  f o r  C/nH 'zo0p%  : G , 7 1 . 7 ; H , 5 .6 ;
^  N ,4 .1 ^ )
The s a l t  (O .lO O O g.) was d i s s o l v e d  i n  c h l o r o f o r m ,  e t h a n o l
( 0 . 5  m l . )  was a d d e d  an d  t h e  s o l u t i o n  made u p - t o  20 m l .  The
s o l u t i o n  was e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ^ .  The v a l u e s
o b t a i n e d  f o r  t h e  r a t e s  o f  e q u i l i b r a t i o n  I n  t h i s  a n d  a  d u p l i c a t e
e x p e r i m e n t  ( T a b l e s  14 a n d  15) w e r e ,
(1 )  0 .0 0 1 5  a n d  (2 )  0 .0 0 1 5  m in s “ ^ .  Thus a  v a l u e  f o r  t h e
t
h a l f - l i f e  o f  460 m in s .  was o b t a i n e d .
A t t e m p te d  I s o l a t i o n  o f  ( + ) - 1 - P h e n y l n a p h t h a l e n e - 2 ^ : 8 - d i c a r b o x y l i c
A v a r i e t y  o f  p r e l i m i n a r y  a t t e m p t s  w ere  made t o  i s o l a t e  
t h e  a c t i v e  a c i d  f ro m  t h e  m o n o b ru c in e  s a l t .
( i )  The s a l t  ( 0 . 3 0 0 0 g . )  was d i s s o l v e d  i n  a n h y d ro u s  f o r m ic  a c i d  
( 3  m l . )  The s o l u t i o n  was p o u r e d  i n t o  d i l u t e  h y d r o c h l o r i c  a c i d .
No p r e c i p i t a t e  was f o r m e d .
( i i )  A s o l u t i o n  o f  t h e  s a l t  i n  p y r i d i n e  was p o u r e d  i n t o  d i l u t e  
h y d r o c h l o r i c  a c i d .  No p r e c i p i t a t e  was f o r m e d .
Table 14.
M u t a r o t a t i o n  o f  t h e  M o n o b r u c in e  S a l t  o f  ( + )  - 1- P h e n y l n a p h t h a l e n e
- 2.' : 8 - d i c a r b o x v l i o  A c i d  i n  C h l o r o f o r m  a t  20° .
T im e
( h o u r s )
 ^20° 
5461 log.(01 -  0 1 ) •0 t eo Ic m i n s ” ^
0 +0.65 1.6702
1 +0.61 1.6552 0.0014
2 +0.57 1.6128 0.0015
3 +0.5 1.5682 0.0016
4 +0.505 Ï.5578 0.0015
5 +0 .48 Ï.5051 0.0014
6 +0.44 1.4472 0.00155
7 +0.415 1.4065 0.0016
8 +0.595 1.5711 0.0015
10 +0.545 ; 1.2672 0.0016
12 +0.51 1.1761 0.0016
14 +0.28 1.0792 0.0016
O +0.16
Table 15,
99
Mutarotation of the Monobruoine S alt of (+) -l-Pheqylnaphthalene-2*;8-
o
d i o a r b o 3 c y l i c  A c i d  i n  C h l o r o f o r m  a t  20 .
T im e
( h o u r s )
- 20 
5 4 6 1
l o g . ( a t  -  )
t o  fc « 0
k  m i n s ” ^
0 +0.66 1 .6 9 0 2
0.5 + 0.64 1 . 6 7 2 1 0.0014
1.5 + 0 . 6 0 ( 5 ) 1 . 6 ) 8 5 0 . 0 0 1 )
2.5 +0 . 57( 5 ) 1 . 6 0 7 5 0 . 0 0 1 )
3.5 + 0 . 5 5 ( 2 5 ) Î . 5 5 9 5 0.0014
4.5 +0 . 50( 5 ) Î . 5 2 5 0 0.0014
5.5 +0.47 1 . 4 7 7 1 0 . 0 0 1 5
6.5 +0 . 43(5 ) 1 . 42)2 0 . 0 0 1 6
7.5 + 0.41 1,)802 0 . 0 0 1 6
9.0 + 0 .5 9 l .)424 0 . 0 0 1 5
1 1 + 0 .5 4 1 . 2)04 0 .0 0 1 6
15 + 0 . 5 0 ( 5 ) I . I 5 0 ) 0 . 0 0 1 6 5
15 + 0 . 27( 5 ) 1 . 0 2 1 2 0 . 0 0 1 7
« 0 + 0 .1 7
- -
lox>
( 111) A ch loroform  s o lu t io n  o f  th e  brucine s a l t  was e x tr a c te d
w ith  two p o r tio n s  o f  10^ h y d ro ch lo r ic  a c id ,  washed w ith  water
and examined p o la r im e tr ic a lly  a t 2 0 ° . The observed  an g le
Changed from C< +  0 .6 6  to  oC +  0 .1 5 .
5461 ^  5461
( iv )  A form ic a c id  s o lu t io n  o f  the b ru cin e s a l t  was poured 
in to  d i lu t e  h y d ro ch lo r ic  a c id .  The r e s u lt in g  aqueous so lu t io n  
was e x tr a c te d  w ith  chloroform  and the change o f  r o ta t io n  o f  
the chloroform  s o lu t io n  fo llo w ed  w ith  t im e . A m utarotation
p A  ^
occurred  from 5451"*' 0 .3 0  to  an eq u ilib r iu m  va lu e  o f
(v ) A chloroform  s o lu t io n  o f  the b ru cin e s a l t  was e x tr a c te d  
tw ice  w ith  d i lu t e  h y d ro ch lo r ic  a c id , washed w ith  water and 
ex tr a c te d  tw ice  w ith  10^ sodium hydroxide s o lu t io n .  The 
a lk a lin e  e x tr a c t  was n e u tr a lis e d  w ith  d i lu t e  h yd roch loric  
a c id  and the s o lu t io n  e x tr a c te d  th ree  tim es w ith  chloroform  
( t o t a l  volume 28 m l . ) . The s o lu t io n  was examined p o la r im e tr ic ­
a l l y .  The observed  an g le  30 m ins. a f t e r  d is s o lv in g  the s a l t  
was found to  be z e r o .
( v i )  The b ru cin e  s a l t  was d is s o lv e d  in  ch loroform , ex tra c ted  
tw ice  w ith  10^ h y d ro ch lo r ic  a c id  and washed w ith  w ater . The 
chloroform  s o lu t io n  was e x tr a c te d  tw ice  w ith  0 .IN aqueous 
sodium hydroxide s o lu t io n .  The a lk a lin e  s o lu t io n  was examined 
p o la r im e tr ic a l ly ,  and th e  observed  an g le  22 m ins. a f t e r  
d is s o lu t io n  was found to  be z e r o .
l o i
W - l - P h e n y l n a p h t h a l e n e - 2  ^: S - d l o a r b o x y l l c  A c i d .
The monobrucine (+) -a c id  s a l t  was ground w ith  d i lu t e  
h y d ro ch lo r ic  acid* The su sp en sion  was f i l t e r e d  o f f  and 
washed w ith  d i lu t e  h y d ro ch lo r ic  a c id  and then  w ith  water 
and d r ied  in  a vacuum. Wt. 0 .2 3 7 0 g .
R ates o f  R acém isation  o f  (-f)-A c id .
( i )  A chloroform  s o lu t io n  (20 m l.) o f  the (+ ) -a c id  (0 .0 5 0 g .)  
was ex tra c te d  w ith  th r e e  25 m l. p o r tio n s  o f  d i lu t e  h yd roch lor ic  
a c id ,  washed w ith  w ater , and examined p o la r im e tr ic a lly  a t 20°  
in  a 1 dcm. p o la r im eter  tu b e . A d u p lic a te  experim ent was 
c a r r ie d  out and from th e  r e s u lt s  (Table 1 6 , f i g .  5) an average  
v a lu e  o f  the r a te  o f  ra cém isa tio n  was o b ta in ed .
(The " B .P .” chloroform  co n ta in s l e s s  than th e normal amount 
o f  a lc o h o l owing to  the w ashing w ith  a c id  and w a te r .)
^  0 .0030  m ins. whence th e  h a l f - l i f e  i s  230 m in s. t : 0  mins •
The low observed  a n g les  rendered  the va lu e fo r  k  su b jec t  
to  a co n sid era b le  exp erim en ta l e r r o r .
( i i )  A s im ila r  ra cém isa tio n  experim ent was ca r r ie d  o u t .
The (+ ) -a c id  (0 .0 5 0 g .)  was d is s o lv e d  in  chloroform  (1 0 . 0m l.)
o
The s o lu t io n  was examined p o la r im e tr ic a lly  a t  20 in  a 1 dcm. 
•tube w ithou t washing w ith  d i lu t e  h y d ro ch lo r ic  a c id .  ( i . e .  
the "B.P." chloroform  con ta in ed  th e  normal amount o f  a lc o h o l)
A lo g  p lo t  was made from the r e s u l t s  ( see  Table 1 7 , f i g . 5)
lo X
and a s tr a ig h t , l in e  graph was o b ta in ed ,  
k  0 .0115  m ins"^, h a l f - l i f e  58^8 m ins.
( i i i )  The (+ ) -a o id  (O.lOOOg.) and 0 .5  m l. o f  e th y l a lc o h o l
were d is s o lv e d  in  chloroform  and the volume made up to  20 m l.
oThe s o lu t io n  was examined p o la r im e tr ic a lly  a t  20 and from  
th e  r e s u l t s  ( s e e  Table 18 f i g .  5) a va lu e o f  k 0 .020  mins"^ 
was o b ta in e d . Whence th e  h a l f - l i f e  i s  55^2 m ins.
( iv )  A s o lu t io n  (20 m l.) o f  the (+ ) -a c id  (O.lOOOg.) in  
0 .1  N potassium  hydroxide was examined p o la r im e tr ic a lly  a t  
2 0 ° . No read in g  was p o s s ib le  u n t i l  15 m ins. from th e  tim e  
o f  d is s o lu t io n  owing to  th e  i n i t i a l  h a z in ess  o f  th e  s o lu t io n ,  
when the observed  an gle was found to  be z e r o .
RACEWIS ATION O F  T H E  ( + ) - A C l D
COOH
COOH
IN B.R C H L O R O F O R M  WASHED 
WITH DILUTE HCI AND WATER
B.P. C H L O R O F O R M
B P C H L O R O F O R M  WITH
ETHANOL A D D E D
- 0 6
IOC 200
TIME (MIN.)
4 0 03 0 0
Table l6*
loz
R a c é m i s a t i o n  o f  (-♦•)- l - P h e n y l n a p h t h a l e n e - 2* : 8 - d i c a r b o % y l i c  a c i d  
i n  C h l o r o f o r m  S o l u t i o n  a t  20°
Time 
( m i n s .  ) )» .  t  «
k  m i n s . " ’^
E x p e r i m e n t  1 .  
0 +  0 . 1 2 Î . 0 7 9 2
50 +  0 . 1 1 1 .0 6 0 7 0 . 0 0 2 9
6o + 0 . 1 0 1 . 0 0 0 0 0 . 0 0 5 0
W +  0 . 0 8 5 2 .9 2 9 4 0 . 0 0 2 6
195 + 0 . 0 7 2.8451 0 .0 0 3 5
OO 0 . 0 0 - -
E x p e r im e n t  2 .
0 +  0 . 0 8 5 2 . 9 2 9 4 -
95 + 0 . 0 6 : 2.7782 0 . 0 0 3 7
3 1 5 + 0 . 0 3 2 .4 7 7 1 0 .0 0 3 3
3 9 0 +  0 . 0 2 2 .3 0 1 0 0 . 0 0 3 7
0 ^ 0 . 0 0
N .B .  T h e  " B . P . "  c h l o r o f o r m  c o n t a i n e d  l e s s  t h a n  t h e  n o r m a l  a m o u n t 
o f  a l c o h o l  o w in g  t o  w a s h i n g  w i t h  a c i d  a n d  w a t e r .
T a b le  I ? .
R a c é m i s a t i o n  o f  (*^)«»l«- P h e c y l n a p h t h a l e n e - 2* : 8 - d i c a r b o a y l i c  
A c id  i n  " B . P . "  C h l o r o f o r m .
T im s ( m i n s . )  
a f t e r  2 . 5  m i n s .
2 0
5461
l o g .  W  - O l  ) 
/ o  ^  o o
, . - 1  k  m i n s .
0 + o.l6 1.2040 -
37.5 +  0 . 1 0 5 1 .0 2 1 2 0 .0 1 0
57.5 +  0.08 2 .9 0 3 1 0 . 0 1 2
72.5 +  o.o6 2.7782 0 .0 1 3
92.5 +  0.045 2 .6 5 3 2 0.014
CO 0 . 0 -
T a b l e  18.
R a c é m i s a t i o n  o f  (« H - 1- P h e n y l n a p h t h a l e n e -2 * : 8 - d i c a r b o a y l i c  
A c i d  i n  " B . P . "  C h l o r o f o r m  p l u s  2 . g ^  E t h a n o l .
T im e ( m i n s . )  
a f t e r  4.5  m i n s .
2 0  
^  5 4 6 1
l o g .  ( o ( .  - o c )  
%o e  e o
k  m in s ” ^ .
0 +  0 . 3 5 T . 5 4 4 1
11.5 +  0,28 1 . 4 4 7 2 0 .0 2 1
2 5 . 5 * 0 . 2 1 1 . 3 2 2 2 0 . 0 2 0
5 5 . 5 +  0 . 1 2 1 . 0 7 9 2 0 . 0 1 9
7 0 .5 + 0 . 0 9 2 .9 5 4 2 0 .0 1 9
8 5 . 5 + 0 . 0 6 1.7782 0 . 0 2 1
1 0 0 .5 + 0 . 0 5 2 .6 9 9 0 0 .0 1 9
1 5 0 . 5 + 0 .0 3 1 . 4 7 7 1 0 .0 1 9
0 0 +  0 . 0 0 - -
l o S
P r e p a r a t i o n  o f  l - P h e n y l n a p h t h a l e n e - 5 ^ - c a r b o x y l i c  A c i d .
M e th y l  m- i o d o b e n z o a t e .
m - Io d o b e n z o ic  a c i d  was p r e p a r e d  b y  a  m ethod  i d e n t i c a l
w i t h  t h a t  f o r  o - i o d o b e n z o i c  a c i d .  m -A m inobenzo ic  a c i d  ( 2 7 .4  g . )
gave  c ru d e  m - io d o b e n z o ic  a c i d  ( 2 0 .2  g . ,  m .p .  184®, 4 1 ^ ) .
The c ru d e  a c i d  was e s t e r i f i e d  w i t h o u t  p u r i f i c a t i o n  b y  p a s s i n g
d r y  h y d ro g e n  c h l o r i d e  t h r o u g h  a  s o l u t i o n  o f  t h e  a c i d  i n
b o i l i n g  m e th y l  a l c o h o l  f o r  s i x  h o u r s .  The e s t e r  (20  g . )
o b t a i n e d  h a d  b . p .  126®/7 mm. ( 9 4 ^ ) .
l - P h e n y l n a p h t h a l e n e - 3 *- c a r b o x y l i c  A c i d .
C opper b ro n z e  (27  g . ,  6 a to m s . )  was g r a d u a l l y  a d d ed  t o
a  s t i r r e d  m ix t u r e  o f  1 - i o d o n a p h t h a l e n e  ( 1 8 .2  g . , 1 m o l . )  and
m e th y l  m - io d o b e n z o a te  ( 1 8 . 8  g . ,  1 m o l . )  c o n t a i n e d  i n  a  h a r d
o
g l a s s  t u b e  im m ersed  i n  a m e t a l - b a t h  m a i n t a i n e d  a t  270 •
o
On a d d i t i o n  o f  t h e  c o p p e r  b r o n z e  t h e  t e m p e r a t u r e  r o s e  t o  300 .
VvTien t h e  a d d i t i o n  v/as c o m p le t e ,  t h e  t e m p e r a t u r e  was m a i n t a i n e d  
o
a t  270 f o r  t h i r t y  m i n u t e s .  The r e a c t i o n  m ix t u r e  was a l l o w e d  
t o  c o o l  t o  150^ and  e x t r a c t e d  s e v e r a l  t im e s  w i t h  h o t  
£ - d i c h l o r o b e n z e n e . The e x t r a c t s  w ere  c o m b in ed , t h e  s o l v e n t  
was d i s t i l l e d  o f f  an d  t h e  o i ^ y  r e s i d u e  was h y d r o l y s e d  by  
b o i l i n g  w i t h  10^  p o t a s s i u m  h y d r o x id e  s o l u t i o n  (200  m l . )  f o r  
s i x  h o u r s .  A r e s i d u e  was o b t a i n e d  a f t e r  r e m o v a l  o f  t h e  
a l c o h o l  a n d  was e x t r a c t e d  w i t h  w a t e r .  The i n s o l u b l e  m a t e r i a l  
was f i l t e r e d  o f f ,  t h e  a q u e o u s  s o l u t i o n  e x t r a c t e d  on ce  w i t h  
b e n z e n e  t o  rem ove h y d r o c a r b o n s  and  t h e n  a c i d i f i e d  w i t h  d i l u t e
! O h
h y d r o c h l o r i c  a c i d .  The p r e c i p i t a t e d  a c i d s  ( i l . 5 g . )  w ere
e x t r a c t e d  w i t h  c o ld  b e n z e n e  an d  t h e  b e n z e n e  s o l u t i o n  was
e v a p o r a t e d  t o  d r y n e s s ,  when t h e  r e s i d u e  was r e c r y s t a l l i s e d
f o u r  t i m e s  f ro m  m e th y l  a l c o h o l .  l - P h e n y l n a p h t h a l e n e - 3 ^ -
c a r b o x y l i c  a c i d  ( 3 . 2  g . ,  17^) was o b t a i n e d  a s  c o l o u r l e s s
o
p r i s m s  m .p .  1 8 5 .5  -  188 .
(P ou nd : C, 8 2 .2 ;  E , 5 . 2 .  ^ 1 7 % 2 ^ 2  0 , 8 2 . 2 ;  H ,4 # 9 ^ )
A t te m p te d  F i r s t  O rd e r  A sy m m etr ic  T r a n s f o r m a t i o n  o f  
1- P h e n y l n a p h t h a l e n e - 3 ’ - c a r b o x y l i c  A c id  w i t h  B r u c i n e .
A c h lo r o f o r m  s o l u t i o n  (2 0  m l . )  o f  t h e  a c i d  ( 0 .1 0 0 0  g . ,
1 m o l . )  an d  a n h y d ro u s  b r u c i n e  ( 0 .1 5 8 0  g . ,  1 e q u i v . )  was 
ex am in e d  p o l a r i m e t r i c a l l y  a t  5 t l ® .
Time ( m i n s . )  5
a f t e r  w e t t i n g .  5461
2 . 2  - 0 . 5 5
1 3 .1  - 0 . 5 6
O O - 0 . 5 5
Thus no c h an g e  i n  t h e  i n i t i a l  o b s e r v e d  a n g le  5461 
was o b s e r v e d .
A t te m p te d  O p t i c a l  A c t i v a t i o n  o f  1 - P h e n y l n a p h t h a l e n e - 3 ' - c a r b o x y l i c  
A c id  b y  B r u c i n e .
( i )  A c id  (2  e q u i v s . )  : B r u c in e  ( 1  e q u i v . )
A c h lo r o f o r m  s o l u t i o n  (2 0  m l . )  o f  t h e  a c i d  (0 .2 0 0 0  g . ,  2 e q u i v s . )
/ 0 7
and anhydrous brucine 0*1580 g . ,  1 eq u iv .)  was examined 
p o la r im e tr ic a lly  at 5t f  .
Time (m in s.) 5oc
a f te r  w e ttin g . 5461
4 .2  -  0 .27
30 .4  -  0 .27
O O -  0 .27
( i i )  Acid (3 e q u iv s .)  : Brucine (1 e q u iv .)
A chloroform  so lu t io n  (20 m l.) o f  th e  a c id  (0 .3 0 0 0  g . ,  3 eq u iv s .)
and anhydrous brucine (0 .1580  g . , 1 eq u iv .)  was examined
p o la r im e tr ic a lly  a t 5®.
Time (m in s.)  ^ 5
OC
a f te r  w e tt in g . 5461
2 .3  -  0 .1 8
1 0 .1  — 0 .17
OO -  0 .1 8
R otation  o f  Brucine in  Chloroform a t 5^.
A so lu t io n  o f  anhydrous brucine (0 .1580  g .)  in  chloroform  
(20 m l.) a t 5® was found to  have a r o ta t io n  5401 * 2.28® .
From th e r e s u lt s  o f  th ese  experim ents an a d d itio n  curve 
was con stru cted  ( f i g .  6 ) .
Brucine S a lt  o f  1-Phenylnaphthalene- 3 ' -ca r b o x y lic  A cid .
The a c id  (0 .1000  g . ,  1 m ol.) and anhydrous brucine (0 .1580g ,
1 m ol.) were d is so lv e d  in  b o i l in g  cyc loh exanone (80 m l . ) .
o  WITH BRUCINE AT 2 0  
W I T H  B R U C I N E  AT S
WITH C f N C H O N l D I N E  AT 5
WITH B R U C I N E  AT 5
2
COOH
IN C H L O R O F O R M  SOLU TIO N
! o %
The co o led  s o lu t io n  d e p o s ite d  th e  s a l t  (0 .2 0 0 0  g .)  o f  
m .p. 144® (d e comp.)
(Pound: 0 ,7 4 .5 ;  H ,6 .5 ; N ,4 .0 .  ^40^38^6%  re q u ir e s  0 ,7 4 .8 ;
H ,6 .0 ;  M ,4.4^)
A s o lu t io n  o f  th e  s a l t  in  ch loroform  was shown to  undergo  
no m u ta ro ta tio n  a t 5 ^ .
Time (m in s .)  5
o <
a f t e r  w e t t in g . 5461
2 .2 5  -  0 .1 5
3 0 .0  -  0 .1 5
O O  -  0 .1 5
I s o la t io n  o f  l-P h e n y ln a p h th a le n e -3 * -c a r b o x y lic  A cid from  
th e  B rucine S a l t .
A s o lu t io n  o f  th e  s a l t  (0 .2 0 0 0  g .)  in  98^ form ic a c id  (5  m l.)  
a t  5® was f i l t e r e d  in to  d i lu t e  h y d r o ch lo r ic  a c id  co n ta in in g  
crushed i c e .  The p r e c ip ita t e d  a c id  (0 .0 7 5 2  g .)  was f i l t e r e d  
o f f ,  washed and d r ie d . The s o l i d  was d is s o lv e d  in  co ld  
ch loroform  and th e  s o lu t io n  made up to  20 m l . . The observed  
a n g le  2 .1  m inutes a f t e r  w e tt in g  was found to  be z e r o .
P rep a ra tio n  o f  3^- M ethyl- l - P henylnap hth alen e- 2 - ca r b o x y lic  A cid  
m -Io d o to lu en e .
m -T olu id in e (53  g . ,  1 mol) was suspended in  a m ixture  
o f  co n cen tra ted  su lp h u r ic  a c id  (100 g .)  and w ater (500
The su sp en sio n  was co o led  in  a f r e e z in g  m ixture and a s o lu t io n
I
o f  sodium n i t r i t e  (36  g . ,  1 m o l.)  in  w ater s lo w ly  added w ith  
s t i r r i n g ,  th e  tem perature b e in g  kept below  10  ^ th ro u g h o u t.
When th e  a d d it io n  was com p lete , th e  diazonium  s o lu t io n  was 
added to  a s o lu t io n  o f  p o tassiu m  io d id e  (124 g . ,  1 .5  m ol.) in  
w ater (200 m l.)  a t  20^ . The r e a c t io n  m ixture was a llow ed  to  
stan d  fo r  th r ee  hours and steam  d i s t i l l e d .  The crude product 
was r e d i s t i l l e d  and pure m -io d o to lu en e  (66 g . , b .p .  205 -  207®, 
61^) was o b ta in e d .
N o te . The r e a c t io n  tem perature d u rin g  th e  co u p lin g  o f  th e
diazonium  s o lu t io n  w ith  th e  p otassiu m  io d id e  s o lu t io n  was 
kept a t  20® to  avo id  se p a r a tio n  o f  th e  e x p lo s iv e  diazonium  
com plex.
l -Bromo- 2 -m eth y ln a p h th a len e .
H a ll & M itc h e l l ,  £ . ,  1951 , 1375
A c r y s t a l  o f  io d in e  and a l i t t l e  ir o n  powder was added 
to  a s o lu t io n  o f  2 -m eth yln aph th alene (212 g . ,  1 m o l.) in  
carbon t e t r a c h lo r id e  (450 m l.)  co o led  to  0 ^ . A s o lu t io n  
o f  bromine (240 g . ,  1 m o l.) in  carbon t e t r a c h lo r id e  (450 m l.)  
was added over a p er io d  o f  t h i r t y  m inutes w ith  v ig o ro u s  
s t i r r i n g ,  k eep in g  th e  tem perature below  5®. When th e  a d d it io n  
was co m p lete , th e  r e a c t io n  m ixture was s t i r r e d  fo r  a fu r th e r  
f o r t y  m in u te s . The carbon t e t r a c h lo r id e  s o lu t io n  was washed 
f i r s t  w ith  10^ sodium hydroxide s o lu t io n ,  then  w ith  w ater  
and d r ie d  over anhydrous ca lciu m  c h lo r id e .  Thief s o lv e n t  was 
evap orated  o f f  and th e  r e s id u e  d i s t i l l e d  in  vacu o . The 
f r a c t io n  (280 g . ,  84^) b .p .  160®/13 mm. was c o l l e c t e d .
no
l -Bromo- 2 - broinomethylnapht h a le n e .
Newman & Kosak, J . Org. Chem. 1949 , 1 4 , 375
l-B rom o-2-m ethylnaphthalene (280 g . ,  1 m o l.)  and 
N -brom osuccinim lde (214 g . , 1 m o l.) were d is s o lv e d  in  dry  
carbon t e t r a c h lo r id e  (330 m l . ) .  B enzoyl p ero x id e  ( 1 .3  g . )  
was added and th e  s o lu t io n  was b o ile d  under r e f lu x  fo r  th ree  
hours w ith  o c c a s io n a l sh a k in g . A fu r th e r  amount o f  dry  
carbon t e t r a c h lo r id e  (330 m l.)  was added and th e  s o lu t io n  
was f i l t e r e d  w h ile  hot through a s in te r e d  g la s s  fu n n e l.
The s o lu t io n  was c o o led  and th e  s o l id  which was d e p o s ite d  
(185 g . ,  m .p . 107 -  115®) was f i l t e r e d  o f f .  The crude m a te r ia l  
was c r y s t a l l i s e d  from carbon te t r a c h lo r id e  (300 m l.)  when 
l-brom o-2-brom om ethylnaphthalene (142 g . ,  m .p . 116®) was 
o b ta in e d . The mother liq u o r  was evap orated  to  h a lf-v o lu m e , 
and a fu r th e r  amount o f  s o l i d  (75 g . ,  m .p . 115®) was o b ta in e d .
T hejtotal y ie ld  was thu s 217 g .  (5 8 ^ ) .
l -Bromo- 2 - n aph th ald eh yde.
H ew ett, J . ,  1940 , 293
A ngyal, M orris , T etaz & W ilson , J . , 1950 , 2141
l-Brom o-2-brom om ethylnaphthalene (90 g .)  was d is s o lv e d  
in  ch loroform  (400 m l.)  and powdered hexamine (4 6 .5  g .)  was 
added to  th e  b o i l in g  s o lu t io n ,  when a th ic k  p a ste  o f  th e
hexaminium s a l t  was o b ta in e d . The s a l t  was f i l t e r e d  o f f ,
d r ie d  and b o ile d  under r e f lu x  fo r  an hour w ith  50^ a c e t i c  
a c id  (650 m l . ) .  C oncentrated  h y d r o ch lo r ic  a c id  (105 m l.)  
was added and th e  s o lu t io n  was b o i le d  fo r  a fu r th e r  f i v e  
m in u tes . The r e a c t io n  m ixture was a llo w ed  to  c o o l and th e
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c r y s t a l l in e  l-brom o-2-nap hth aldehyd e (37  g . ,  m .p. 123®, 53% 
o b ta in ed  was f i l t e r e d  o f f  and washed w ith  w a ter . On d i lu t io n  
o f  th e  m o th er-liq u o r  w ith  w a ter , o n ly  a n e g l ig ib l e  amount o f  
s o l i d  was o b ta in e d .  
l - Bromo- 2 -n a p h th o ic  Acid
l-B rom o-2-naphthaiaehyde (22 g .)  was d is s o lv e d  in  a ce to n e  
(550 m l.)  and t o  th e  b o i l in g  s o lu t io n  kept in  a w a ter-b a th  
a t 70° was added over t h i r t y  m inutes a s o lu t io n  o f  p otassiu m  
permanganate (28  g .)  in  h ot w ater (660 m l . ) . The r e a c t io n  
m ixture was h ea ted  fo r  t h i r t y  m inutes; su lphur d io x id e  was 
p assed  through th e  s o lu t io n  u n t i l  i t  became c o lo u r le s s .  The 
r e a c t io n  m ixture was poured in to  3 1 .  o f  w ater and when th e  
s o lu t io n  was co ld  th e /c r y s ta l l in e ^ o lid  was f i l t e r e d  o f f .
A fu r th e r  th r e e  p rep a ra tio n s  u s in g  2 2 g . ; 2 2 g . and 2 7 g . 
o f  th e  aldehyde were c a r r ie d  o u t ,  (a  t o t a l  o f  9 3 g . o f  th e  
aldehyde was u sed ) . The p rod u cts o f  th e  four b a tch es  were 
combined and d is s o lv e d  in  d i lu t e  aqueous ammonia s o lu t io n .
A l i t t l e  k ie s e lg u h r  was added, th e  s o lu t io n  was f i l t e r e d  and 
a c i d i f i e d  w ith  d i lu t e  h y d ro ch lo r ic  a c i d .  The p r e c ip ita t e d  
s o l i d  was c e n tr ifu g e d  o f f  and washed w ith  w ater u n t i l  th e  
w ashings were n e u tr a l .  W eight 78  g . , m .p . 185 -  191^, 79%.
M ethyl l -bromo- 2 -n a p h th o a te .
A s o lu t io n  o f  l-b ro m o -2 -n a p h th o ic  a c id  (78  g .)  and 
co n cen tra ted  su lp h u r ic  a c id  (78  g .)  in  m ethyl a lc o h o l (980 m l.)  
was b o i le d  under r e f lu x  fo r  s i x  h o u r s . The r e a c t io n  m ixture  
was poured in to  w a ter , th e  p r e c ip ita t e d  s o l id  was f i l t e r e d  
o f f ,  washed, resuspended  in  d i lu t e  aqueous ammonia s o lu t io n
I l l
and f i n a l l y  f i l t e r e d  o f f  and washed w ith  w a te r . The crude 
product was c r y s t a l l i s e d  from m ethyl a lc o h o l and m ethyl 
l-hrom o-S -n aph thoate  (67 g . ,  m .p . 6 0 -6 2 ^ , 81^) was o b ta in e d .
3 »-M ethyl- l - p h en yln ap h th alen e- 2 - c a r b o x y lic  A c id •
The a c id  was prepared  by th e  method o f  Baddar and Gindy, 
J . ,  1948 , 1231 .
Copper bronze (15  g . ,  4 atoms) was g ra d u a lly  added to  
a s t ir r e d  m ixture o f  m -io d o to lu en e  (1 5 ,3  g . ,  1 m ol.) and 
m ethyl l-b rom o-2-n ap h th oate  (1 6 .2  g . ,  1 m o l.)  con ta in ed  in  
a hard g la s s  tube immersed in  a m eta l-b a th  m aintained  a t 230^ . 
On com p letion  o f  th e  a d d it io n  th e  b a th  was m aintained  a t 235^ 
fo r  tv/o and a h a l f  h o u r s . A fter  c o o l in g ,  th e  r e a c t io n  mass 
was e x tr a c te d  w ith  a c e to n e . The s o lv e n t  was rem oved, the  
r e s id u e  was d is s o lv e d  in  hot e th a n o l (100 m l . ) , th e  s o lu t io n  
was f i l t e r e d  and a llo w ed  to  c o o l when th e  m ethyl e s t e r  o f  
1 ; 1 ' -d in a p h th y l-2 : 2 *-d ic a r b o x y lic  a c id  ( 3 .8  g . , m .p . 145-160®) 
c r y s t a l l i s e d  out and was f i l t e r e d  o f f .  The e th a n o l f i l t r a t e  
was b o i le d  under r e f lu x  fo r  s i x  hours w ith  p otassiu m  hydroxide  
(20 g . ) . The a lc o h o l was evap orated  o f f ,  th e  r e s id u e  e x tr a c te d  
w ith  w ater and th e  in s o lu b le  3 : 3 * - d i t o ly l  f i l t e r e d  o f f .
A fte r  a c id i f i c a t i o n  o f  th e  aqueous e x tr a c t  th e  crude product 
was e s t e r i f i e d  by p a ss in g  hydrogen c h lo r id e  through  th e  b o i l in g  
m ethanol s o lu t io n .  An e th e r  e x tr a c t  was w ashed, d r ie d  and 
d i s t i l l e d .  The m ethyl e s t e r  o f  3 ’ -ro eth y l-l-p h en y ln a p h th a len e
- 2 - c a r b o x y lic  a c id  ( 3 .2  g .)  was c o l l e c t e d ,  u .p .  187 -  195^/4mm#
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The e a te r  was h y d ro ly sed  by b o i l in g  under r e f lu x  fo r  s ix  
hours w ith  10^ a lc o h o l ic  p otassiu m  hydroxide s o lu t io n  (50 m l.)  . 
The crude a c id  o b ta in ed  by p r e c ip i t a t io n  o f  th e  aqueous 
e x tr a c t  w ith  d i lu t e  h y d r o ch lo r ic  a c id  was r e c r y s t a l l i s e d  tw ice  
from 50^ aqueous e th a n o l. 3»-M eth y l-1 -p h en y ln ap h th a len e  
-2 -c a r b o x y lic  a c id  ( 1 .9  g . , 11%) was o u ta in ed  as c o lo u r le s s  
p la t e s ,  m .p. 1 6 2 .5  -  165^ .
(Pound: 0 ,8 2 .6 ;  H ,5 .3 5 . C a lc , fo r  CigE^^^Og : 0 ,8 2 .4 ;  H,5.4%)
A ttem pted F ir s t  Order Asymmetric T ransform ation  o f  3*-M ethyl 
-  1-p h en y ln a p h th a len e- 2 - c a r b o x y llc  A cid w ith  B rucine in
C hloroform .
( ! )  A s o lu t io n  o f  th e  a c id  (0 .1 0 0 0  g . ,  1 e q u iv .)  and 
anhydrous b ru c in e  (0 .1 5 0 2  g . ,  1 e q u iv .)  in  ch loroform  (20 m l.)  
was examined p o la r im e t r ic a l ly  a t 20° .
Time 20
o Ca f t e r  w e tt in g  5461
1 .3  m in s. — 0 .5 3
17 hours -  0 .5 5
^  -  0 .5 4
No m u ta ro ta tio n  was ob served  and th e r e fo r e  th e  experim ent 
was rep ea ted  a t  5 ° .
( i l )  The a c id  (0 .1 0 0 0  g . ,  1 e q u iv .)  and anhydrous brucine
(0 .1 5 0 2  g . , 1 e q u iv .)  were d is s o lv e d  in  ch loroform  (20 m l.)
and th e  s o lu t io n  examined p o la r I m e tr ic a l ly  a t  5 ° .
Tima 20
o c
a f t e r  w e tt in g  5461
1 .7  m in s. -  0 .6 6
17 hours -  0 .6 5
OO  -  0 .6 5
A ttem pted O p tic a l A c t iv a t io n  o f  5*-M eth yl- 1 -p h en yln ap h th aien e
- 2 -c a r b o z y l ic  A cid  w ith  B rucine in  C hloroform .
( l a . )  A cid (2  e q u iv s .)  ; B rucine (1  e q u iv .)  a t  20^ .
The a c id  (0 .2 0 0 0  g . ,  2 e q u iv s .)  and anhydrous brucine (0 .1 5 0 2 g .,  
1 e q u iv .)  were d is s o lv e d  in  ch loroform  (2o m l.)  and th e  
s o lu t io n  examined p o la r im e t r ic a l ly  a t  2 0 ° .
Time 20
a f t e r  w e tt in g  5461
1 .4  m in s. -  0 .0 9
17 hours -  0 .1 1
O O  -  0 .1 1
( I b . )  A cid  (2 e q u iv s .)  : B rucine (1  e q u iv .)  a t  5 ° .
A s o lu t io n  o f  th e  a c id  (0 .2 0 0 0  g . ,  2 e q u iv s .)  and anhydrous 
brucine (0 .1 5 0 2  g . ,  1 e q u iv .)  in  ch loroform  (20 m l.)  was 
examined p o la r im e t r ic a l ly  a t  5^ .
Time (m in s .)  _ 20
o c
a f t e r  w e tt in g  5461
1 .9  -  0 .1 4
1 3 .8  -  0 .1 2
O O  " 0 .1 2
/ / f
( l i a )  A c id  ( 5  e q u i v s . )  ; B r u c i n e  ( 1  e q u i v . )  a t  2 0 ° .
A s o l u t i o n  o f  t h e  a c i d  ( 0 .3 0 0 0  g . ,  3 e q u i v s . )  a n d  a n h y d r o u s  
b r u c i n e  ( 0 .1 5 0 2  g . ,  1 e q u i v . )  i n  c h l o r o f o r m  (2 0  m l . )  was 
e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ^ .
Tim e ( m i n s . )  . 20
a f t e r  w e t t i n g  5 4 6 1
1 . 6  -  0 .0 5
2 0 .0  -  0 . 0 8
o e  -  0 . 0 7
( I l b )  A c id  ( 5  e q u i v s . )  ; B r u c i n e  ( 1  e q u i v . )  a t  5® .
A s o l u t i o n  o f  t h e  a c i d  ( 0 .3 0 0 0  g . ,  3 e q u i v s . )  a n d  a n h y d r o u s  
b r u c i n e  ( 0 .1 5 0 2  g . ,  1 e q u i v . )  i n  c h l o r o f o r m  (2 0  m l . )  was 
e x a m in e d  p o l a r i m e t r i c a l l y  a t  5®.
Time ( m i n s . )  20
a f t e r  w e t t i n g  5 4 6 1
1 . 9 5  + 0 . 0 7
2 0 . 3  +  0 . 0 7
+. 0 . 0 7
R o t a t i o n  o f  B r u c i n e  i n  C h l o r o f o r m .
( i )  A n h y d ro u s  b r u c i n e  ( 0 .1 5 0 2  g . )  i n  c h l o r o f o r m  (2 0  m l . )  
a t  2 0 °  was f o u n d  t o  h a v e  a  r o t a t i o n  OC -  2 . 2 ° .
( i i )  A n h y d ro u s  b r u c i n e  ( 0 . 1 5 0 2  g . )  i n  c h l o r o f o r m  (2 0  m l . )  
a t  5^ was f o u n d  t o  h a v e  a  r o t a t i o n  5 461  -  2 . 1 1 ° .
P rom  t h e  f o r e g o i n g  r e s u l t s ,  tw o  a d d i t i o n  c u r v e s  
w e re  c o n s t r u c t e d  ( f i g .  6 ) .
IIL>
A t t e m p t e d  O p t i c a l  A c t i v a t i o n  o f  5 » - M e t h y l - l - p h e n y l n a p h t h a l e n e
( i )  A c id  ( 1  e q u i v . )  : C i n c h o n i d i n e  ( 1  e q u i v . )
A s o l u t i o n  o f  t h e  a c i d  ( 0 .1 0 0 0  g . ,  1 e q u i v , )  a n d  c i n c h o n i d i n e
( 0 .1 1 2 0  g . , 1 e q u i v . )  i n  c h l o r o f o r m  (2 0  m l . )  was e x a m in e d
p o l a r i m e t r i c a l l y  a t  5®. No m u t a r o t a t i o n  was o b s e r v e d .
Time ( m i n s . ) 5
OC
a f t e r  w e t t i n g 54 61
2 . 2 -  1 .9 0
1 3 .6 -  1 .9 0
# 0 — 1 .9 0
( i i )  A c id  (2  e q u i v s . ) : C i n c h o n i d i n e  ( 1  e q u i v . )
A s o l u t i o n  o f  t h e  a c i d  ( 0 .2 0 0 0  g . ,  2 e q u i v s . )  a n d  c i n c h o n i d i n e
( . 1 1 2 0  g . ,  1 e q u i v . )  i n  
p o l a r i m e t r i c a l l y  a t  5 ° .
c h l o r o f o r m  (2 0  m l . )  was e x a m in e d
Time 5
eC
54 6 1a f t e r  w e t t i n g
3 . 0  m i n s . -  2 . 1 0
18  h o u r s -  2 . 1 0
-  2 . 1 0
( i l l )  A c id  ( 3  e q u i v s . ) : C i n c h o n i d i n e  ( 1  e q u i v . )
A s o l u t i o n  o f  t h e  a c i d  (0 * 3 0 0 0  g * ,  3 e q u i v s . )  a n d  c i n c h o n i d i n e  
( 0 .1 1 2 0  g . ,  1 e q u i v . )  i n  c h l o r o f o r m  (2 0  m l . )  was e x a m in e d  
p o l a r i m e t r i c a l l y  a t  5 ° .
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Time 5
oC
a f t e r  w e t t in g  5461
2 .4  m in s . -  2 .0 9
18 hours -  2 .1 0
OO -  2 .1 0
R o ta t io n  o f  C inchonid ine in  Chloroform.
A s o lu t io n  o f  c in c h o n id in e  (0 .1 1 2 0  g . )  in  ch loroform  (20 m l.)  
a t  5° was found t o  have a r o t a t io n  5461 ~
Prom th e  fo r e g o in g  r e s u l t s  an a d d it io n  curve was
c o n str u c te d  ( f i g .  6 ) .
B rucine S a l t  o f  3»-M eth y l- l -p h e n y ln a p h th a le n e -2 -c a r b o x y lic
A c id .
The a c id  (0 .3 0 0 0  g . ,  1 m ol.)  and anhydrous b ru cin e  (0 .4 5 0 0  g . ,
1 m ol.)  were d i s s o lv e d  in  b o i l i n g  a c e to n e  (40 m l . ) . Ether
(80 m l.)  was added to  th e  b o i l i n g  s o lu t io n  and on c o o l in g  a
c o lo u r le s s  s o l i d  (0 .5 5 1 7  g . , )  c r y s t a l l i s e d  in  p r ism s, m .p .1 9 8 ° .  
(Pound: C ,74 .4 ;  H ,6 ;2 ; N ,4 .0 .  C^2%0^6% re q u ir e s  C ,75 .0 ;
H ,6 .1 ;  N, 4 .4^ )
( i )  A s o lu t io n  o f  the  b ru cin e  s a l t  (O.lOOO g .)  in  
chloroform  (20 m l.)  was examined p o la r im e t r i c a l l y  a t  20° .
An i n i t i a l  r o t a t io n  OC -  0.30® was observed  1 .2 5  m inutes5461
a f t e r  w e t t in g .  No s i g n i f i c a n t  change in  the  observed  angle  
was n o te d .  The va lu e  a t  eq u il ib r iu m  was §461 ~ 0 .29® .
( i i )  A s o lu t io n  o f  th e  b ru cin e s a l t  ( O.lOOO g . )  in  ch loroform  
(20 m l.)  was examined p o la r im e t r i c a l l y  a t  5®. An i n i t i a l
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r o t a t io n  o C  -  0.29® was observed 1 .8  m inutes a f t e r
w e t t in g .  No s i g n i f i c a n t  change in  th e  observed  a n g le  was 
n o te d .  The v a lu e  a t  e q u il ib r iu m  was 5461 " 0 .2 8 ® .
The b ru cin e  s a l t  (0 .2 5 0 0  g . )  was d i s s o lv e d  in  co ld  
9Q% form ic a c id  (5  m l.)  and th e  s o lu t io n  poured in to  a m ixture  
o f  d i l u t e  h y d r o ch lo r ic  a c id  and i c e .  The p r e c i p i t a t e  ob ta in ed  
(0 .0 9 8 0  g . )  was f i l t e r e d  o f f ,  washed and d r ied  in  a vacuum.
A s o lu t io n  o f  t h i s  a c id  (0*0980 g . )  in  ch loroform  (20 m l.)  
was examined p o la r im e t r i c a l l y  a t  5®. The observed  angle  2 .6  
m inutes a f t e r  v /e t t in g  was found t o  be z e r o .
1 ; 1>-D in a p h th y l- 8 ; 8 *- d ic a r b o x y l ic  A c id .
Copper bronze (10 g . ,  2 .5  atoms) was g r a d u a lly  added to  
m ethyl 8-b rom o-l-n ap h th oate  (10 g . ,  1 m ol.)  con ta ined  in  a 
hard g la s s  tube immersed in  a m e ta l-b a th  m aintained  a t  275®. 
During th e  a d d it io n  th e  tem perature o f  th e  r e a c t io n  m ixture  
r o se  t o  5 1 0 ° .  On com pletion  o f  the  a d d it io n  th e  tem perature  
was m ainta ined  a t  290® f o r  a fu r th e r  t h i r t y  m in u tes .  The 
c o o le d  mass was e x tr a c te d  w ith  a ce to n e  in  a s o x h le t  ap p aratu s .  
The ace to n e  e x tr a c t  was evaporated  to  50 m l . ,  when a l i g h t  
y e l lo w  s o l i d  ( 3 .7 5  g . , m .p. 1 5 5 -1 5 8 ° ,  63^) c r y s t a l l i s e d .
On r e c r y s t a l l i s a t i o n  from a ce to n e  (40 m l . ) , m ethyl
1 ;1^ -d in a p h th y l- 8 : 8 »-d ic a r b o x y la te  ( 2 .9 3  g . , m .p. 155-159®,
49%) was o b ta in e d .
(Pound: C ,7 7 . 8 ; H ,5 .2 .  Gg^ H^ Q^O^  r e q u ir e s  C ,7 7 . 8 ; H,4.9%)
A s o lu t io n  o f  the e s t e r  ( 1 .5  g . )  in  a 30% s o lu t io n  
o f  p otass ium  hydroxide in  m ethyl a lc o h o l  was p la ced  in  a hard
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g la s s  tube immersed in  a m eta l bath, a t  1 2 0 ° .  When a l l  the
s o lv e n t  had eva p o ra ted , th e  tem perature o f  th e  b ath  was r a i s e d  
t o  160° fo r  one h o u r . The m elt was e x tr a c te d  w ith  water  
and th e  f i l t e r e d  aqueous s o lu t io n  was a c i d i f i e d  w ith  d i l u t e  
h y d r o ch lo r ic  a c i d .  The p r e c ip i t a t e d  s o l i d  ( 1 .2  g . ,  m .p. 300-  
304°) was f i l t e r e d  o f f ,  washed, d r ie d  and e x tr a c te d  w ith  
a ce to n e  in  a s o x h le t  apparatus f o r  ten  h o u r s .  On c o o l in g  
th e  e x t r a c t  a l i g h t  brown s o l i d  (0 .2 5  g . , m .p. 304-305° decomp.) 
was o b ta in e d .  The u n d is s o lv e d  s o l i d  rem ain ing  was d i s s o lv e d  
in  b o i l i n g  a ce to n e  ( 1 .5  1 . ) ,  th e  s o lu t io n  f i l t e r e d  and 
evap orated  t o  200 m l . . On c o o l in g ,  th e  a lm ost c o lo u r le s s  
1 :1 » -d in a p h t h y l - 8 : 8 *- d ic a r b o x y l i c  a c id  ( 0 .6 7  g . ,  m .p .300-304® 
decomp.) c r y s t a l l i s e d .  The combined w eight o f  th e  two 
crops r e p r e se n te d  a y i e l d  o f  66%.
(Pound: 0 ,7 6 .6 ;  H ,4 .0 .  C a lc ,  f o r  : C ,77.2;H ,4.1% )
M eisenheim er and B eissw enger ( B e r . , 1932 , 6 5 ,  32) 
f o l lo w in g  th e  method o f  Kalb ( B e r . . 1914 , 1726) prepared
th e  a c id  by h e a t in g  e t h y l  8-c l i lo r o - l -n a p h th o a te  w ith  copper  
bronze and h y d r o ly s in g  th e  r e s u l t i n g  e t h y l  1 : 1 »-d in a p h th y l  
- 8 : 8 » -d ic a r b o x y la te  w ith  s o l i d  p o ta ss iu m  hydroxide a t  160° .
O p t ic a l  R e s o lu t io n  o f  1 : 1»-D in a p h th y l- 8 : 8 »- d ic a r b o x y l ic  A c id .
The b ru c in e  s a l t s  and a c t iv e  a c id s  were o b ta in ed  f o l lo w in g  
th e  method o f  M eisenheimer and B eissw enger ( l o o , c i t . ) .
1 :1 » -D in a p h th y l-8 : 8 »- d ic a r b o x y l i c  a c id  (0 .5 0 0 0  g . )
was d i s s o lv e d  in  b o i l i n g  m ethyl a lc o h o l  (380 m l.)  and to  th e
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b o i l i n g  s o lu t io n  was added a s o lu t io n  o f  anhydrous b ru cin e  
(0 .6 3 0 0  g . )  in  m ethyl a lc o h o l  (20 m l . ) .  The s o lu t io n  o b ta in ed  
was co n c e n tr a te d  to  130 m l. and a llo w ed  t o  stand  fo r  two days  
when b ru c in e  (•h)- 1 : 1 »- d in a p h t h y l - 8 : 8 *- d ic a r b o x y l ic  a c id  
(0 .4 0 6 5  g . , )  c r y s t a l l i s e d  in  c o lo u r le s s  m icro -p r ism s, m .p. 
2 7 0 -2 7 5 ° .
(Pound: 0 ,6 9 .1 ;  H ,6 .0 ;  N ,3 .6 5 .  C a lc ,  f o r  :
0 ,7 3 .3 ;  H ,5 .5 ;  N , 3 . 8%)
The brucine (+-) - a c id  s a l t  in  ch loroform  s o lu t io n  was found  
t o  have " 1 * 0 3 ,°  whence | ^ ^ 546i  -5 1 5 °  (c *  0 .2 0 0 0 ,
t  = 1)
The m ethyl a lc o h o l  f i l t r a t e  was evap orated  to  dryness  and 
th e  r e s id u e  d i s s o lv e d  in  b o i l i n g  e t h y l  a c e t a t e  (120 m l . ) .
On s ta n d in g ,  b ru c in e  ( - ) - 1 : 1»- d in a p h t h y l - 8 : 8 »- d ic a r b o x y l ic  
a c id  (0 .5 3 3 0  g . ) , c r y s t a l l i s e d  in  c o lo u r le s s  lo n g  p r ism s,  
m .p. 215® w ith  s o f t e n i n g .
(Pound: 0 ,7 1 .7 ;  H ,5 .8 ;  N ,3 .9 .  C a lc ,  fo r  C45H4QO3N2 :
Of 7 3 .3 ;  H ,5 .5 ;  N,3.8%)
The b ru c in e  ( - ) - a c i d  s a l t  in  ch loroform  s o lu t io n  was found  
t o  have c< - 2 . 3 0 ° ,  whence -4 6 0 °
(C i  0 .5 0 0 0 ,  - £ e l ) .
( - ) - 1 : 1»-D in a p h th y l- 8 : 8 »- d ic a r b o x y l ic  A c id .
A s o lu t io n  o f  the  b ru c in e  ( - ) - a c i d  s a l t  ( 0 .2 0  g . )  
in  ch loroform  (3  m l.)  was shaken w ith  an aqueous 0 .IN  sodium  
hydroxide s o lu t io n  (10 m l.)  f o r  f i v e  m in u te s .  The a l k a l i
s o l u t i o n  was e x tr a c te d  w ith  ch loroform  (5 m l . ) , then  w ith
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e th e r  (5  m l.)  and a i r  blown through th e  s o lu t io n  t o  remove 
t r a c e s  o f  s o l v e n t .  The r a c é m isa t io n  o f  th e  ( - ) - a c i d  in  th e  
a l k a l i  s o lu t io n  was fo l lo w e d  p o l a r im e t r i c a l l y  a t  20° in  a 
1 dcm. p o la r im e te r  tu b e .  A d u p l ic a te  experim ent was c a r r ie d  
out and from th e  r e s u l t s  (T ab les  19 & 2 0 ,  f i g .  7) th e  v a lu e s  
o f  k c a l c u la t e d  were:
—1
( i )  0 .0 0 4 3  m in s . ( i i )  0 .0 0 4 2  m in s . , whence th e  h a l f
l i f e  i s  163 m in u te s .
The c o n c e n tr a t io n  o f  th e  a c id  in  th e  O.lN sodium hydroxide  
s o lu t io n  was d eterm in ed .
7 .00  m l. o f  th e  a l k a l i  s o lu t io n  was tak en  and a c i d i f i e d  w ith  
d i l u t e  h y d r o c h lo r ic  a c i d ,  th e  p r e c ip i t a t e d  a c id  (0 .0 5 2 3  g . )  
was f i l t e r e d  o f f ,  washed and d r ie d .  Thus th e  c o n c e n tr a t io n  
l 3 0 .7 4 7  g ./lO O  m l . .  Hence -4 4 7 °
( + ) - 1 : 1»-D in a p h th y l- 8 : 3»- d ic a r b o x y l i c  A c id .
A s o lu t io n  o f  th e  b ru c in e  ( + ) - a c i d  s a l t  ( 0 .1 5  g . )  
in  ch loroform  (3  m l.)  was shaken w ith  an aqueous O .lN  sodium  
hydroxide s o lu t io n  (10 m l.)  fo r  f i v e  m in u te s .  The a l k a l i  
s o lu t io n  was e x tr a c te d  w ith  ch loroform  (5  m l . ) ,  then  w ith  
e th e r  (5  m l.)  and a i r  was blown through  the  s o lu t io n  t o  remove 
t r a c e s  o f  s o l v e n t .  The r a c é m isa t io n  o f  th e  ( + ) - a c id  was 
fo l lo w e d  p o l a r i m e t r i c a l l y  a t  20° in  a 1 dcm. p o la r im ete r  
t u b e .  A d u p l ic a te  experim ent was c a r r ie d  o u t ,  and from th e  
r e s u l t s  ( t a b l e s  21 & 2 2 ,  f i g .  7) two v a lu e s  o f  k were
c a l c u l a t e d .  ( 1 ) 0 .0 0 4 0  m ln s .“  ^ ( 11 ) 0 .0 0 4 4  mins
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s a t e  OF R A C E M I S A T I O N  O F  T H E  ( - Y i C I D
RATE . OF RACE Mi S  ATI ON OF THE M ' A C I D
IN O . l N  S O D I U M  H Y D R O X I D E
AT 2 0
lOO 2 0 0
TI ME ( m i n . )
IZl
Table 19
R a c é m i s a t i o n  o f  ( * * ) - !  :  1 * - D i n a p h t h y l - 8 : 8 » - d i c a r b o x y l i c  a c i d  i n
.00.1  N S o d i i m  H y d r o x id e  S o l u t i o n  a t  20
............. ......
s Time 
(m in s.)
20
^  3461 log.(oA -oC ) 10 t  00
0 • -  3 .1 8 0 .3024 -
30 -  2 .793 0 .4 4 6 4 0 .0043
43 -  2 .63 0.4200 0,0042
60 -  2.47 0 .3927 0.0042
73 -  2 .30 0 ,3 6 1 7 0.0043
90 -  2 .1 3 0 .3 3 2 4 0 .00433
103 -  2 .03 0 .3073 0 .0043
120 -  1 .89 0 .2763 0.0043
133 -  1 .7 9 0 .2329 0.0043
163 - 1 . 3 7 0 .1939 0.0043
193 -  1 .3 8 0 .1399 0.0043
225 -  1 .2 1 0.0828 0.0043
240 -  1 .143 0.0388 0.0043
270 -  1.00 0.0000 0.0043
300 — 0.87 1 .9393 0 .0043
330 -  0.78 1.3921 0.0043
360 -  0 .69 Î .3 3 8 8 0.00423
390 -  0 .3 9 3 Î .7 7 4 3 0.0043
oO 0.00
- --
-
Table 20.
R a c é m i s a t i o n  o f  ( - ) - l ; l * - D i n a p h t h y l - 8 ; 8 * - d i c a r b o 3 y l i e  a c i d  i n  
0.1  N S o d iu m  H y d r o x id e  S o l u t i o n  a t  20° .
T im e  
( m i n s .  )
^  2 0  
^  3 4 6 1
l o g . ( «  -  oc )le k 00
k  m l n s . " ^
0 -  3 . 5 4 0 . 3 2 3 7 -
15 -  3 . 1 4 0 . 4 9 6 9 0.0041
50 -  2 ,9 3 0 . 4 6 9 8 0 .0 0 4 1 3
50 -  2 .7 X 0 . 4 9 3 0 0.0042
6 o -  2 . 6 1 0 , 4 1 6 6 0.0041
75 -  2.44 0.3874 0.0042
90 , -  2.33 0 . 3 ^ 4 0.0040
105 -  2.14 0 . 3 3 0 4 ' 0.0042
1 2 0 -  2 . 0 2 0 . 3 0 3 4 0.0042
1 5 0 -  1.78 0 . 2 3 0 4 0.0042
180 -  1.33  ^ 0 .1 9 0 3 0.0043
2 1 0 -  1 .3 6 0 . 1 3 3 3 0 .0 0 4 3
240 -  1 . 2 0 0 .0 7 9 2 0 .0 0 4 3
270 -  l . O é 0 .0 2 3 3 0 .0 0 4 2 3
3 0 0 -  0 . 9 4 Î . 9 7 3 1 0.0042
5 5 0 -  0.82 '  Î . 9 1 3 8 0 .0 0 4 3
j é O -  0 . 7 1 1 .8 3 1 3 0 .0 0 4 3
0 0 0 . 0 0
-
- -
ill4^
whence the  h a l f  l i f e  i s  165 m in u tes .
The co n cen tra tio n  o f  the a c id  in  the  O.lN sodium 
hydroxide s o lu t io n  was determ ined .
9 .00 m l. o f  th e  a l k a l i  s o lu t io n  were a c i d i f i e d  w ith  d i lu t e  
hyd roch lor ic  a c i d .  The p r e c ip i ta t e d  a c id  (0 .0 4 9 1  g .)  was 
f i l t e r e d  o f f ,  washed and d r ie d .  Thus the con cen tra tion
i s  0 .545  g ./loo m l . . Hence +  534°
20 
5461
! Z S
Table 21.
R a c é m i s a t i o n  o f  ( • h ) - l ; l * - D i n ^ h t h y l - 3 ; 8* - d i c a r b o x y l i c  a c i d  i n  
0.1  N S o d iu m  H y d r o x i d e  S o l u t i o n  a t  20° .
T im e
( m i n s . ) ^ ? 46l l o g . ( *  .  ) 1»  k  00
k  m i n s . ” ^
0 + 2.77 0 .4 4 2 3
13 +  2 . 6 2 0 .4 1 9 3 0 . 0 0 3 7
30 +  2.46 0 .3 9 0 9 0.0040
43 + 2 . 5 1 0 .3 6 3 8 0.0040
6 o +  2.18 0.3383 0.0040
73 + 2 .0 5 5 0 . 3 1 2 9 0.0040
1 0 3 +  1.81 0 . 2 3 7 7 0.0040
1 3 0 + 1 . 5 2 0.1818 0.0040
180 + 1 . 3 6 0 . 1 3 3 3 0 .0 0 3 9
240 + 1 . 0 7 0 .0 2 9 4 0.0040
2 7 0 +  0 .,4 Î . 9 7 3 I 0.0040
30 +  0.84 1.9243 0.0040
360 + 0.66 Î.8I93 0.0040
390 +  0 . 5 8 1.7634 0.0040
420 +  0 . 3 2 1.7160 0.0040
430 +■ 0 . 4 6  * - 1 .6 6 2 9 0.0040
o e 0.00 -
Table 22.
R a c é m i s a t i o n  o f  (■t-) - l ; l ' - D i n a p h t h y l - 8 ; 8 * - d i o a r b o x y l i c  a c i d  i n  
0.1  H S o d iu m  H y d r o x i d e  S o l u t i o n  a t  20° .
T im e 
( m i n e * )
2 0
^  5 4 6 1
l o g . ( o (  - 0 ^  ) 
l e  k  o o
, . - 1  
k  m i n s .
0 + 2 . 9 1 0 .4 6 3 9
30 + 2 .5 6 0.4082 0 .0 0 4 3
45 + 2 . 3 9 0.3784 0.0044
6 o + 2 . 2 5 0 . 3 5 2 2 0 .0 0 4 3
75 + 2 .1 1 0 .3 2 4 3 0.0044
105 + 1 . 8 5 0 . 2 6 7 2 0.0044
155 +  1 .6 3 0 .2 1 2 2 0 .0 0 4 3
1 6 5 +  1 .4 5 0 . 1 6 1 4 0.0042
1 9 5 + 1 . 2 5 0 .0 9 6 9 0 .0 0 4 3 3
2 2 5 +  1 . 0 6 5 0 . 0 2 7 4 0 .0 0 4 3
2 7 0 +  0 . 9 0 1 .9 5 4 2
ê
0 .0 0 4 3
3 0 0 +  0.78 1 ,8 9 2 1 0.0044
5 5 0 +  0 . 6 8 T . 8 3 2 3 0.0044
3 6 0 +  0 . 6 0 Î .7782 0.0044
O O 0 . 0 0 - m
\^1
P r e p a r a t i o n  o f  2 »- l a o p r o p e n y l d i p h e n y l - S - c a r b o x y l i o  A o i d .
2»-(oC  - H y d r o x y i s o p r o p y l ) - d i p h e n y l - 2 - c a r b o x y l i c  A o id .
C o r b e l l i n i  an d  A n g e l e t t i ,  A t t i  R . A c c a d .  L i n c e i , 1 9 3 2 ,  1 5 ,9 6 8 .  
J a m is o n  a n d  T u r n e r ,  J . ,  1 9 4 2 ,  4 3 7 .
A s o l u t i o n  o f  m e th y l  i o d i d e  ( 2 6 . 3  g . ,  2 . 8  m o i s . )  i n  
a n h y d ro u s  e t h e r  was s l o w l y  a d d e d  t o  a  s u s p e n s i o n  o f  m agnesium  
t u r n i n g s  ( 3 . 1  g . ,  2 a to m s)  i n  a n h y d ro u s  e t h e r  (4 0  m l . ) .
A c r y s t a l  o f  i o d i n e  was a d d e d  t o  i n i t i a t e  t h e  r e a c t i o n .  On 
c o m p l e t i o n  o f  t h e  a d d i t i o n ,  a l l  t h e  m agnesium  was f o u n d  t o  
h a v e  d i s s o l v e d .  S o l i d  d i p h e n i c  a n h y d r i d e  (1 4  g . , 1 m o l . )  
was t h e n  a d d e d  g r a d u a l l y  t o  t h e  s o l u t i o n  o f  m e th y l  m agnesium  
i o d i d e .  The r e a c t i o n  p r o c e e d e d  s m o o th ly  a n d  t h e  r e a c t i o n  
m i x t u r e  was b o i l e d  u n d e r  r e f l u x  f o r  f o u r  h o u r s  a f t e r  t h e  
a d d i t i o n  h a d  b e e n  c o m p l e t e d .  D i l u t e  a c e t i c  a c i d  was a d d e d  
i n  e x c e s s  a n d  t h e  r e s u l t a n t  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r .  
The e t h e r  s o l u t i o n  was w ash ed  o n ce  w i t h  w a t e r  a n d  t h e n  e x t r a c t e d  
f o u r  t im e s  w i t h  a  10% a q u e o u s  so d iu m  c a r b o n a t e  s o l u t i o n .
On a c i d i f i c a t i o n  o f  t h e  a l k a l i n e  e x t r a c t  w i t h  d i l u t e  h y d r o ­
c h l o r i c  a c i d ,  a  s t i c l c y ,  u n f i l t e r a b l e  s o l i d  was o b t a i n e d .  The 
p r o d u c t  was i s o l a t e d  b y  e x t r a c t i o n  w i t h  e t h e r .  The r e s i d u e  
o b t a i n e d  a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  was b o i l e d  u n d e r  
r e f l u x  f o r  one  a n d  a  h a l f  h o u r s  w i t h  a  15% a l c o h o l i c  so d iu m  
h y d r o x i d e  s o l u t i o n  (1 5 0  m l . )  c o n t a i n i n g  a  l i t t l e  w a t e r  (1 5  m l . ) . 
A f t e r  e v a p o r a t i o n  o f  t h e  a l c o h o l ,  t h e  r e s i d u e  was d i s s o l v e d  
i n  w a t e r ,  t h e  s o l u t i o n  f i l t e r e d  a n d  t h e n  a c i d i f i e d  w i t h
12$
d i l u t e  h y d r o c h l o r i c  a c i d .  The s t i c k y  s o l i d  o b t a i n e d  was 
. d i s s o l v e d  i n  b o i l i n g  b e n z e n e  (1 1 0  m l . ) ,  a  l i t t l e  c h a r c o a l  
a d d e d ,  t h e  s o l u t i o n  f i l t e r e d  a n d  e v a p o r a t e d  t o  80 m l . . On 
c o o l i n g ,  2 »- ( oC - h y d r o x y i s o p r o p y l ) - d i p h e n y l - 2 - c a r b o x y l i c  a c i d  
( 3 . 8  g . , -  25% T h e o r y ] ^ a s  a  c o l o u r l e s s  s o l i d  o f  m .p .  137 .
2 »- I s o p r o p e n y l d i p h e n y l - 2 - o a r b o x y l i o  A c i d .
2 t - ( o c  - H y d r o x y i s o p r o p y l ) - d i p h e n y l - 2 - c a r b o x y l i c  a c i d  {
( 3 . 5  g . , )  a n d  fu m in g  h y d r o b r i m i c  a c i d  (1 7  m l . )  ( o b t a i n e d  b y  
s a t u r a t i n g  48% h y d ro b r o m ic  a c i d  w i t h  h y d ro g e n  b ro m id e  a t  0 ° . )  
w e re  h e a t e d  a t  a  100°  i n  a  s e a l e d  t u b e  f o r  one  h o u r .  The s o l i d  
was f i l t e r e d  o f f ,  w a sh e d  a n d  c r y s t a l l i s e d  f ro m  b e n z e n e  (80  m l . ) . 
A l i g h t  brow n s o l i d  ( 0 . 2 5  g . ,  m .p .  190-197® ) was o b t a i n e d  
w h ic h  on r e c r y s t a l l i s a t i o n  f ro m  b e n z e n e  (7 5  m l . )  gave  
2 » - i s o p r o p e n y l d i p h e n y l - 2 - c a r b o x y l i c  a c i d  (2  g . ,  62% T h e o ry )  
a s  c o l o u r l e s s  c r y s t a l l i n e  p l a t e s  m .p .  1 9 5 -1 9 7 .5 ® .
(P o u n d :  0 , 8 1 . 1 ;  1 1 ,5 .8 .  r e q u i r e s  C, 8 0 .6 ;  H, 5.9%)
The l a c t o n e  o f  2 » - ( o C  - h y d r o x y i s o p r o p y l ) - d i p h e n y l -
2 - c a r b o x y l i c  a c i d  h a s  m .p .  1 2 3 ° .  ( C o r b e l l i n i  a n d  A n g e l e t t i ,
l o c . c i t . )
A t t e m p te d  A l t e r n a t i v e  P r e p a r a t i o n  o f  2 »- I s o p r o p e n y l d i p h e n y l
- 2 - c a r b o x y l i c  A o id .
I t  was c o n s i d e r e d  o f  i n t e r e s t  t o  p r e p a r e  t h e  a c i d  b y  an  
a l t e r n a t i v e  m e th o d .  A s y n t h e s i s  was p r o p o s e d  f ro m  m e th y l  
o - i o d o b e n z o a t e  a n d  o - i o d o i s o p r o p e n y l b e n z e n e  b y  m eans o f  t h e  
U llm an n  r e a c t i o n .  However o - i o d o i s o p r o p e n y l b e n z e n e  w i t h
o
C opper a t  255 gave  a  p r o d u c t  w h ic h  was n o t  2 : 2 » - d i i s o p r o p e n y l  
b e n z e n e  t o g e t h e r  w i t h  a n  i n t r a c t a b l e  t a r .  I t  was c o n c lu d e d  
t h a t  t h e  p r o p o s e d  u n s y m m e t r i c a l  U llm an n  r e a c t i o n  was n o t  
f e a s i b l e .
o - I o d o - i s o p r o p e n y l b e n z e n e .
Bergmann a n d  W eizm ann, T r a n s . F a r a d .  S o c . , 1 9 3 6 ,  1 3 2 7 .
A s o l u t i o n  o f  m e th y l  i o d i d e  (6 4  g . ,  2 . 3  m o i s . )  i n  
a n h y d ro u s  e t h e r  (2 0 0  m l . )  was s l o w l y  a d d e d  t o  a  s u s p e n s i o n  o f  
m agnesium  ( 1 0 . 4  g . ,  2 . 2  a to m s)  i n  d r y  e t h e r  (1 5 0  m l . ) .  On 
c o m p l e t i o n  o f  t h e  a d d i t i o n ,  m e th y l  o - i o d o b e n z o a t e  (5 2  g . ,  1 m o l.)  
was g r a d u a l l y  i n t r o d u c e d ,  when a  sm o o th  r e a c t i o n  o c c u r r e d .
The r e a c t i o n  m i x t u r e  was b o i l e d  u n d e r  r e f l u x  f o r  two h o u r s .  
D i l u t e  a c e t i c  a c i d  was a d d e d  a n d  t h e  s o l u t i o n  was e x t r a c t e d  
w i t h  e t h e r .  The e t h e r  e x t r a c t  was w ash ed  w i t h  so d iu m  c a r b o n a t e  
s o l u t i o n ,  t h e n  w i t h  w a t e r  a n d  f i n a l l y  d r i e d  o v e r  a n h y d ro u s  
so d iu m  s u l p h a t e . T he  r e s i d u e  (39  g . )  o b t a i n e d  a f t e r  r e m o v a l  
o f  t h e  e t h e r  was b o i l e d  u n d e r  r e f l u x  w i t h  a c e t i c  a n h y d r i d e  
(4 0  m l . )  f o r  e i g h t  h o u r s  a n a  t h e  r e s u l t a n t  s o l u t i o n  d i s t i l l e d  
u n d e r  r e d u c e d  p r e s s u r e .  o - I o d o - i s o p r o p e n y l b e n z e n e  (2 5  g . ,
69% T h e o ry )  b . p .  74® /2 mm. was c o l l e c t e d .
A t t e m p te d  P r e p a r a t i o n  o f  2 : 2 » - P i - i s o p r o p e n y l d i p h e n y l .
C opper b r o n z e  (1 5  g . )  was a d d e d  g r a d u a l l y  t o  £ - i o d o -  
i s o p r o p e n y l b e n z e n e  (10  g . )  m a i n t a i n e d  a t  2 3 5 ° .  The r e a c t i o n  
m i x t u r e  was m a i n t a i n e d  a t  2 3 5 °  f o r  one an d  a  h a l f  h o u r s ,  an d  
on  c o o l i n g  was e x t r a c t e d  w i t h  a c e t o n e .  On r e m o v a l  o f  t h e
/3o
s o l v e n t  a  v i s c o u s  o i l  was o b t a i n e d ,  w h ic h  on d i s s o l v i n g  i n
b o i l i n g  p e t r o l e u m  e t h e r  ( b . p .  4 0 - 6 0 ° )  d e p o s i t e d  no s o l i d .
The s o l v e n t  was rem o v e d  a n d  t h e  r e s i d u e  was d i s t i l l e d
o .
i n  v a c u o . A l i q u i d  b . p .  1 1 6 -1 2 0  / 1 2  mm. was o b t a i n e d ,  w h ic h  
d i d  n o t  s o l i d i f y  on c o o l i n g  i n  i c e  and  w h ic h  was shown t o  
c o n t a i n  no i o d i n e .  An i n t r a c t a b l e  b row n  t a r  r e m a in e d  i n  t h e  
d i s t i l l i n g  f l a s k .
2 : 2 » - D i - i s o p r o p e n y l d i p h e n y l  h a s  a  m .p .  9 7 - 9 8 ° .
(C ook  a n d  T u r n e r ,  J . ,  1 9 5 7 ,  117)
A t te m p te d  F i r s t  O r d e r  A sy m m e tr ic  T r a n s f o r m a t i o n  o f  
2 »- I s o p r o p e n y l d i p h e n y l - 2 - c a r b o x y l i c  A c id  w i t h  B r u c in e  i n
C h lo r o f o r m .
A s o l u t i o n  o f  t h e  a c i d  ( 0 .1 0 0 0  g . ,  1 e q u i v . )  a n d  a n h y d ro u s  
b r u c i n e  ( 0 .1 6 5 4  g . ,  1 e q u i v . )  i n  c h l o r o f o r m  (2 0  m l . )  was 
e x a m in e d  p o l a r i m e t r i c a l l y  a t  20° .
Time 20
a f t e r  w e t t i n g .  5461
2 . 4  m ins  . -  0 . 7 6
5 h o u r s  -  0 . 7 3
^  -  0 . 7 8
No m u t a r o t a t i o n  was o b s e r v e d .
A t te m p te d  O p t i c a l  A c t i v a t i o n  o f  t h e  A c id  w i t h  B r u c i n e .
( i )  The a c i d  ( 0 .2 0 0 0  g . ,  2 e q u i v s . )  an d  a n h y d ro u s  b r u c i n e  
( 0 .1 6 5 4  g . , 1 e q u i v . )  w ere  d i s s o l v e d  i n  c h l o r o f o r m  (20  m l . )  
a n d  t h e  s o l u t i o n  ex am in e d  p o l a r i m e t r i c a l l y  a t  2 0 ®.
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Time , 20
oC
a f t e r  w e t t i n g  5461
2 . 5  m i n s .  -  0 . 4 1
4 0 .0  m in s .  -  0 .4 0
18 h o u r s  -  0 . 4 1
— 0 .4 1
( i i )  A s o l u t i o n  o f  t h e  a c i d  ( 0 .3 0 0 0  g . ,  3 e q u i v s . )  and  
a n h y d ro u s  b r u c i n e  ( 0 .1 6 5 4  g . ,  1 e q u i v . )  i n  c h lo r o f o r m  (2 0  m l . )  
was e x am in e d  p o l a r i m e t r i c a l l y  a t  20 ° .
Time 20
a f t e r  w e t t i n g  5461
2 . 1  m i n s . -  0 . 3 1
1 5 .0  m i n s . -  0 .2 9
-  0 '.29  ,
R o t a t i o n  o f  A n hy drous  B r u c in e  i n  C h lo ro f o rm  a t  2 0 ^ .
A s o l u t i o n  o f  a n h y d ro u s  b r u c i n e  ( 0 .1 6 5 4  g . )  i n  c h lo r o f o r m
(2 0  m l . )  a t  2 0 °  was f o u n d  t o  h a v e  a  r o t a t i o n  oC 5 4 3 ^^  -  2 . 4 2 ^ .
From t h e  f o r e g o i n g  r e s u l t s ,  a n  a d d i t i o n  c u rv e  was p l o t t e d  
( f i g .  8 ) .
A t t e m p te d  O p t i c a l  A c t i v a t i o n  o f  2 »- I s o p r o p e n y l d i p h e n y l  -  
2 - c a r b o x y l i c  A c id  w i t h  C i n c h o n i d i n e .
( i )  A s o l u t i o n  o f  t h e  a c i d  (O.lOOO g . ,  1 e q u i v . )  an d  
c i n c h o n i d i n e  ( 0 .1 2 7 0  g . , 1 e q u i v . )  i n  c h l o r o f o r m  (20  m l . )  
was e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ° .
!3X
Time • < * . « 2 0
», • CXf
a f t e r  w e t t i n g  , 5 4 6 l ÿ #
: I - ,
.. 2 . 5  m in s .  ; * * -/ 1 .4 9• . #
«
.* • 
% •*4 h o u r s  * ^  -  1.148 /  #
O© . ' • 1^48 % , '
. . •
( i i )  A s o l u t i o n  o f  t h e  a c i d  ( 0 . 2 0 0 0 g . ,  2 e q u i v s . )  and  
c i n c h o n i d i n e  ( 0 .1 2 7 0  g . ,  1 e q u i v . )  i n  c h l o r o f o r m  (2 0  m l . )  
was e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ° .
Time , 20
OC
a f t e r  w e t t i n g  5461
2 . 4  m i n s .  -  1 .5 8
11 h o u r s  -  1 .5 8
0 O -  1 .5 8
J  ( i i i )  A s o l u t i o n  o f  t h e  a c i d  ( 0 .3 0 0 0 ;  g . ,  3 e q u i v s . )  an d  
) c i n c h o n i d i n e  ( 0 .1 2 7 0  g . ,  1 e q u i v . )  i n  c h l o r o f o r m  (2 0 /-m l.)
was e x a m in e d  p o l a r i m e t r i c a l l y  a t  2 0 ° .  • .
.
Time ^  20
" a f t e r  w e t t i n g .  . 5461  •
■#* *
2 . 2  m in s .  -  1 .5 7
3 0 .0  m in s .  -  1 .5 7
o o -  1 .5 7
R o t a t i o n  o f  C i n c h o n i d i n e  i n  C h lo r o f o r m  a t  2 0 ° .
A s o l u t i o n  o f  c i n c h o n i d i n e  ( 0 .1 2 7 0  g . )  i n  c h l o r o f o r m  (2 0  m l . )
20
5461was f o u n d  t o  h a v e  a  r o t a t i o n  ©C § 4 6 1  - 1 . 4 0 ° .
#
. /J3
P rom  t h e  f o r e g o i n g  r e s u l t s  a n  a d d i t i o n  c u r v e  was 
c o n s t r u c t e d  ( f i g .  8 ) .
'
A t t e m p t e d  P r e p a r a t i o n  o f  l - |± L e n y l n a p h t h a l e n e - g ; 2 »- d i c a r b o x y l i c
A c i d .
T he s y n t h e s i s  was a t t e m p t e d  b y  two m e t h o d s .
( i )  By a n  u n s 3^ m m e tr i c a l  U l lm a n n  r e a c t i o n  b e tw e e n  m e t h y l  
£ - i o d o b e n z o a t e  a n d  m e t h y l  l - b r o m o - 2 - n a p h t h o a t e .
( i i )  By t h e  o x i d a t i o n  o f  2 - m e t h y l - l - p h e n y l n a p h t h a l e n e - 2 »-
c a r b o x y l i c  a c i d .
( i )  C o p p e r  b r o n z e  (1 5  g . )  was a d d e d  t o  a  m i x t u r e  o f  m e t h y l  
£ - i o d o b e n z o a t e  ( 1 3 . 1  g . ,  1 m o l . )  a n d  m e t h y l  l - b r o m o - 2 - n a p h t h o a t e  
( 1 4 . 2  g . ,  1 m o l . )  m a i n t a i n e d  a t  a  t e m p e r a t u r e  o f  260® .
A f t e r  t h e  a d d i t i o n ,  t h e  t e m p e r a t u r e  w as k e p t  a t  2 5 0 °  f o r  a n  
h o u r .  T he r e a c t i o n  m ass  was e x t r a c t e d  w i t h  a c e t o n e  a n d  t h e  
r e s i d u e ,  o b t a i n e d  a f t e r  r e m o v a l  o f  t h e  s o l v e n t ,  d i s s o l v e d  
i n  h o t  a l c o h o l  ( 5 0  m l . ) . T he s o l u t i o n  was a l l o w e d  t o  s t a n d  a n d  
t h e  s o l i d  w h ic h  w as d e p o s i t e d  on  c o o l i n g  ( m a i n l y  m e t h y l  1 : 1 » -  
d i n a p h t h y l - 8 : 8 » - d i c a r b o x y l a t e )  was f i l t e r e d  o f f .  The e s t e r s  
r e m a i n i n g  i n  s o l u t i o n  w e re  h y d r o l y s e d  b y  b o i l i n g  w i t h  p o t a s s i u m  
h y d r o x i d e  (1 0  g . )  f o r  f i v e  h o u r s .  T he  m i x t u r e  o f  a c i d s  
o b t a i n e d  b y  p r e c i p i t a t i o n  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  was 
e x t r a c t e d  w i t h  c o l d  b e n z e n e .  D i p h e n i c  a c i d  r e m a i n e d  u n d i s s o l v e d  
a n d  w as f i l t e r e d  o f f .  The b e n z e n e  s o l u t i o n  was e v a p o r a t e d  
t o  d r y n e s s  a n d  t h e  r e s i d u e  was r e c r y s t a l l i s e d  f r o m  d i l u t e
a l c o h o l .  T he  s o l i d  ( 2 . 3  g . )  o b t a i n e d  m e l t e d  o v e r  a  w id e
or a n g e  u p  t o  219  . T h i s  im p u re  a c i d  w as e s t e r i f i e d  b y  p a s s i n g ; j
h y d r o g e n  c h l o r i d e  t h r o u g h  a  b o i l i n g  m e t h a n o l  s o l u t i o n  when
/34
a  f r a c t i o n  ( 1 . 1  g . , b . p .  2 0 0 - 2 5 0 ° / 5  mm.) was c o l l e c t e d .  
H y d r o l y s i s  was b r o u g h t  a b o u t  b y  b o i l i n g  w i t h  a  10% a l c o h o l i c  
p o t a s s i u m  h y d r o x i d e  s o l u t i o n  f o r  f i v e  h o u r s .  On p r e c i p i t a t i o n  
o f  t h e  a q u e o u s  e x t r a c t  a  s o l i d  was o b t a i n e d  ( 0 . 9 5  g . )  w h ic h  
m e l t e d  o v e r  a  v /id e  r a n g e  ( 1 0 0 - 1 9 5 ® ) .  The p o s s i b i l i t y  t h a t  
some e s t e r  r e m a i n e d  u n c h a n g e d  was c o n s i d e r e d  a n d  t h e r e f o r e  
t h e  s o l i d  was b o i l e d  f o r  s i x t e e n  h o u r s  w i t h  50% a l c o h o l i c  
p o t a s s i u m  h y d r o x i d e .  A s o l i d  was o b t a i n e d  ( 0 . 7 9  g . )  m e l t i n g  
o v e r  t h e  r a n g e  1 2 5 - 1 6 5 ° .  T h i s  s o l i d  was h e a t e d  w i t h  s o l i d  
p o t a s s i u m  h y d r o x i d e  a t  1 7 0 °  f o r  tw o  h o u r s .  A p r o d u c t  ( 0 . 6 6  g . )  
was o b t a i n e d  m .p .  1 2 0 - 2 0 0 ° .
I n  o r d e r  t o  e l i m i n a t e  p o s s i b l e  s o l v a t i o n  e f f e c t s ,  
t h e  com pound was h e a t e d  a t  1 0 0 ^ /2  mm. f o r  s e v e r a l  h o u r s .
No s i g n i f i c a n t  c h a n g e  i n  t h e  m e l t i n g  p o i n t  was o b s e r v e d .
A f u r t h e r  a t t e m p t  t o  s y n t h e s i s e  t h e  com pound w a s 'm a d e  u s i n g  
a  s i m i l a r  p r o c e d u r e . An e n d  p r o d u c t  w h ic h  m e l t e d  o v e r  a  
w id e  r a n g e  was o b t a i n e d ,  t h e r e f o r e  no  f u r t h e r  a t t e m p t s  w e re  
made t o  o b t a i n  t h e  com pound b y  t h i s  m e th o d .
(1 1 )  2 - M e t h y l - l - p h e n y l n a p h t h a l e n e - 2  »- c a r b o x y l i c  A c i d .
T he  p r e p a r a t i o n  was c a r r i e d  o u t  u s i n g  t h e  m e th o d  o f
B a d d a r , J . ,  1 9 3 9 ,  9 4 4 .
C o p p e r  b r o n z e  ( 2 5  g . )  was a d d e d  t o  a  m i x t u r e  o f  m e t h y l  
o - i o d o b e n z o a t e  (3 0  g . ,  2 m o i s . )  a n d  l - b r o m o - 2 - m e t h y l n a p h t h a l e n e  
(1 3  g . ,  1 m o l . )  m a i n t a i n e d  a t  2 2 0 ° .  T he  t e m p e r a t u r e  r o s e  t o  
245® o n  a d d i t i o n  o f  t h e  c o p p e r  a n d  was m a i n t a i n e d  a t  230® 
f o r  t h i r t y  m i n u t e s  a f t e r  t h e  a d d i t i o n  was c o m p l e t e .  The
I3S
c o o l e d  m ix tu r e  w as e x t r a c t e d  w i t h  © - d i c h l o r o h e n z e n e . a n d  t h e  
r e s i d u e  o o t a i n e d  a f t e r  r e m o v a l  o f  t h e  s o l v e n t  was h y d r o l y s e d  
b y  b o i l i n g  w i t h  10% a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  (1 0 0  m l . ) .
T he  a l c o h o l  was r e m o v e d ,  t h e  r e s i d u e  e x t r a c t e d  w i t h  w a t e r
a n d  t h e  a q u e o u s  s o l u t i o n  e x t r a c t e d  b e n z e n e  t o  re m o v e  h y d r o c a r b o n s .
On a c i d i f i c a t i o n  o f  t h e  s o l u t i o n  w i t h  d i l u t e  h y d r o c h l o r i c
a c i d  a  m i x t u r e  o f  a c i d s  ( 1 3  g . )  was o b t a i n e d ,  w h ic h  was e x t r a c t e d
w i t h  c o l d  b e n z e n e .  T he i n s o l u b l e  d i p h e n i c  a c i d  ( 9 . 6  g . )
w as f i l t e r e d  o f f  a n d  t h e  e x t r a c t  was e v a p o r a t e d  t o  d r y n e s s .
T he  r e s i d u e  ( 3 . 2  g . )  was c r y s t a l l i s e d  f r o m  m e t h a n o l  ( 5 0  m i . )  
w hen 2 - m e t h y l - l - p h e n y l n a p h t h a l e n e - 2 * - c a r b o x y l i c  a c i d  was 
o b t a i n e d  ( 1 . 8  g . ,  1 3 ^ ,  m .p .  1 8 5 - 1 8 7 . 5 ^ )
B a d d a r  ( l o o ,  c i t . ) g i v e s  m . p .  1 8 8 - 1 8 9 ^ .
A t t e m p t e d  O x i d a t i o n  o f  2 - M e t h y l - l - p h e n y l n a p h t h a l e n e - 2  * -
c a r b o x y l i c  a c i d .
A s o l u t i o n  o f  t h e  a c i d  ( 1  g . ,  1 m o l . )  i n  1 0 ^  a q u e o u s  s o d iu m  
h y d r o x i d e  (3 0  m l . )  w as b o i l e d  w i t h  p o t a s s i u m  p e r m a n g a n a te  
( 2 . 4  g . ,  4 m o i s . )  f o r  s i x  h o u r s ,  w hen t h e  s o l u t i o n  b ecam e  
d e c o l o u r i s e d .  The m a n g a n e s e  d i o x i d e  was f i l t e r e d  o f f ,  w a sh e d  
w i t h  w a t e r  a n d  t h e  a l k a l i n e  s o l u t i o n  a c i d i f i e d  w i t h  d i l u t e  
h y d r o c h l o r i c  a c i d .  A s o l i d  ( 0 . 3  g . )  was o b t a i n e d  w h ic h  
com m enced t o  s o f t e n  a t  8 0 ^  a n d  f i n a l l y  m e l t e d  a t  11 5^  ( d e c o m p . ) .
I t  was c o n c l u d e d  t h a t  t h e  p r o d u c t  o b t a i n e d  was a  
m i x t u r e  a n d  t h e  e x p e r i m e n t  was t h e r e f o r e  a b a n d o n e d .
A tte m p te d  P r e p a r a t io n  o f  5^ - M eth .y l- 1 - p h e n y ln a p h t h a le n e
- 8 - c a r b o x y l i c  A c i d .
C o p p e r  b r o n z e  ( 2 5  g . )  was a d d e d  t o  a  m i x t u r e  o f  m e t h y l  
8 - b r o m o - l - n a p h t h o a t e  ( 1 3 . 5  g . ,  1 m o l . )  a n d  m - i o d o t o l u e n e  
(1 3  g . ,  1 . 2  m o i s . )  a t  2 4 0 ° .  A s m a l l  r i s e  i n  t e m p e r a t u r e  
was o b s e r v e d  on  a d d i t i o n  o f  t h e  c o p p e r .  T he  t e m p e r a t u r e  
was m a i n t a i n e d  a t  2 4 5 ^  f o r  a  f u r t h e r  tw o h o u r s .  The r e a c t i o n  
m i x t u r e  was e x t r a c t e d  w i t h  o - d i c h l o r o b e n z e n e  a n d  t h e  r e s i d u e  
o b t a i n e d  a f t e r  r e m o v a l  o f  t h e  s o l v e n t  was h y d r o l y s e d  b y  b o i l i n g  
w i t h  1 0 ^  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  (2 0 0  m l . )  f o r  t h r e e  
h o u r s .  A f t e r  e v a p o r a t i o n  o f  t h e  a l c o h o l ,  t h e  r e s i d u e  was 
e x t r a c t e d  w i t h  w a t e r .  T he i n s o l u b l e  3 : 3 * - d i t o l y l  was f i l t e r e d  
o f f  a n d  t h e  a q u e o u s  s o l u t i o n  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d .  A gum was o b t a i n e d  a n d  was e x t r a c t e d  w i t h  e t h e r .  The 
s o l i d  r e m a i n i n g  a f t e r  e v a p o r a t i o n  o f  t h e  e t h e r  was e x t r a c t e d  
w i t h  b o i l i n g  p e t r o l e u m  e t h e r  ( b . p .  1 0 0 - 1 2 0 ° )  t o  re m o v e  u n c h a n g e d  
8 - b r o m o - 1 - n a p h t h o i c  a c i d .  An i n s o l u b l e  s o l i d  w h ic h  r e m a i n e d  
w as e x t r a c t e d  w i t h  b o i l i n g  a l c o h o l  ( 2 0 0  m l . ) .  The s o l u t i o n  
o b t a i n e d  was c o n c e n t r a t e d  t o  50 m l .  a n d  o n  c o o l i n g  a  s o l i d  
( 0 . 8  g . )  w h i c h  s e p a r a t e d  was f i l t e r e d  o f f .  Two r e c r y s t a l l i s ­
a t i o n s  f r o m  e t h a n o l  g a v e  a  c o l o u r l e s s  s o l i d  ( 0 . 4 3  g . ,  3%) 
m . p .  2 3 2 —2 3 5  .
( P o u n d :  C , 7 6 . 9 ;  H , 4 . 7 .  r e q u i r e s  0 , 8 2 . 4 ;  H , 5 . 4 ^ )
T he  p r e p a r a t i o n  was r e p e a t e d  on  a  s l i g h t l y  l a r g e r  s c a l e
when a  s o l i d  w as o b t a i n e d  m . p .  2 1 8 °  . ^
( 0 . 5  g . ) .  I n  v ie w  o f
mt h e  s m a l l  y i e l d  a n d  t h e  i n c o r r e c t  a n a l y s i s ,  t h e  e x p e r i m e n t  
w as d i s c o n t i n u e d .
A t t e m p t e d  P r e p a r a t i o n  o f  1 : 2 ^ - D i n a p h t h y l - 8 - c a r b o x y l i c  A c i d . 
C o p p e r  b r o n z e  (2 5  g . )  was a d d e d  t o  a  m i x t u r e  o f  2 - b r o m o n a p h -  
t h a l e n e  (1 0  g . ,  1 m o l . )  a n d  m e t h y l  l - b r o m o - 8 - n a p h t h o a t e  ( 1 3 . 2  g . ,  
1 m o l . )  m a i n t a i n e d  a t  2 7 0 ° .  T he  t e m p e r a t u r e  r o s e  t o  2 8 5 ^  
on  a d d i t i o n  o f  t h e  c o p p e r .  T he  r e a c t i o n  m i x t u r e  was h e a t e d  
f o r  a n  h o u r  a n d  t h e n  e x t r a c t e d  w i t h  e t h e r  i n  a  s o x h i e t  
a p p a r a t u s .  T he e t h e r  s o l u t i o n  was e v a p o r a t e d  t o  30 m l .  when 
a  s o l i d  c r y s t a l l i s e d  ( m a i n l y  m e t h y l  1 : 1 * - d i n a p h t h y l  8 : 8 * -  
d i c a r b o x y l a t e )  a n d  was f i l t e r e d  o f f .  E v a p o r a t i o n  o f  t h e  
f i l t r a t e  g a v e  a  r e s i d u e  w h ic h  was s t e a m e d  d i s t i l l e d  t o  rem o v e  
u n c h a n g e d  s t a r t i n g  m a t e r i a l .  The n o n - v o l a t i l e  m a t e r i a l  was 
d i s t i l l e d  a n d  a  f r a c t i o n  b . p .  2 5 0 - 2 6 5 ° / 8  mm. was c o l l e c t e d  
a n d  s o l i d i f i e d  i n  t h e  r e c e i v e r .  T h e  e s t e r  was d i s s o l v e d  i n  
m e t h a n o l  (5 0  m l . )  a n d  on  s t a n d i n g ,  a  c r y s t a l l i n e  s o l i d  was 
d e p o s i t e d  ( 0 . 1  g . , m .p .  1 8 6 - 1 9 1 ° )  a n d  f i l t e r e d  o f f .  To t h e  
a l c o h o l i c  f i l t r a t e  w as a d d e d  p o t a s s i u m  h y d r o x i d e  (1 5  g . )  a n d  
t h e  s o l u t i o n  b o i l e d  u n d e r  r e f l u x  f o r  s i x  h o u r s .  T he p r o d u c t  
O b t a i n e d  was f o u n d  t o  b e  i n s o l u b l e  i n  a q u e o u s  a l k a l i  a n d  was 
p r o b a b l y  i n c o m p l e t e l y  h y d r o l y s e d .  T he r e c o v e r e d  s o l i d  was 
h e a t e d  w i t h  s o l i d  p o t a s s i u m  h y d r o x i d e  (5  g . )  a t  1 6 0 °  f o r  a n  
h o u r .  The l i g h t  b ro w n  s o l i d  ( 1 . 0  g . )  o b t a i n e d  b y  a c i d i f i c a t i o n  
o f  a n  a q u e o u s  e x t r a c t  w as f o u n d  t o  m e l t  o v e r  a  r a n g e  2 7 4 - 3 0 0 ° .
M e i s e n h e i m e r  a n d  B e i s s w e n g e r ,  ( l o o ,  c i t . ) o b t a i n e d  t h e
a c i d  ( m . p .  1 8 9 ° )  b y  a n  u n s y m m e t r i c a l  U l lm a n n  r e a c t i o n  b e tw e e n  
e t h y l  8 - c h l o r o - 1 - n a p h t  ho a t  e a n d  2 - c h l o r o n a p h t h a l e n e .
